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ABSTRACT

Field Programmable Gate Arrays commonly called FPGA's are the newer generation of
field programmable devices and offer more flexibility in the logic modules they incorporate and in
how they are interconnected. The flexibility, the number of logic building blocks available, and
the high gate densities achievable are why users find FPGA's attractive. These attributes are
important in reducing product development costs and shortening the development cycle. The
aerospace community is interested in incorporating this new generation of field programmable
technology in space applications. To this end a consortium was formed to evaluate the quality,
reliability, and radiation performance of FPGA's. This report presents the test results on FPGA
parts provided by ACTEL Corporation.
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ACRONYMS
AC alternating current
ASIC Application Specific Integrated Circuit

BPSG borophosphosilicate glass
DPA destructive physical analysis

FPGA Field Programmable Gate Array

I/0 input/output

IOL current output low

LET linear energy transfer

mA milliamps

MeV million electron volts

PIE post-irradiation effects
PIP Parts Information Program
SEE single event effects

SEM scanning electron microscope
SEU single event upset

TID total ionizing dose

TPHL transition propagation delay high to low

TPLH transition propagation delay low to high
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1.1 BACKGROUND

ACTEL Corporation's Field Programmable Gate Arrays (FPGA's) have been of interest to
the aerospace community for the last two years. The Electronics Parts Reliability Section of the
Jet Propulsion Laboratory started evaluating the ACT I A1010/A1020 (2-pm process) product
family only to discover that this series was to be discontinued. The new enhanced ACT II A1280
(1.2-pm process) family was to be the replacement and would provide higher density and an
attractive option to both JPL and the aerospace community. The early evaluations begun on the
ACT I continued to the ACT II family through a consortium that was formed between JPL,
Aerospace Corporation, TRW, and Hughes Space and Communication Division. This consortium
was a means to expedite the ACT II evaluation. Aerospace Corporation volunteered to perform
SEU testing, TRW would do transient dose rate, Hughes Space Division would do TID, and JPL
would do construction analysis, electrical characterization, life test, coordinate the activities, and
write the final report. ACTEL provided military temperature screened, unprogrammed parts to
the various consortium members for their evaluations. Besides the original consortium members,
other interested parties such as Applied Physics Laboratory (APL), Magnavox Electronic Systems,
and GE Astro Space were conducting radiation tolerance evaluations. Their findings are also
included in this report.

The information and knowledge obtained are the culmination of effort and successful
collaboration of the consortium and others. The test results and performance data retrieved
demonstrate the value of a consortium sharing information and thus reducing costs and schedules
for all.

1.2 INTRODUCTION

ACTEL-designed Field Programmable Gate Arrays (FPGA's) manufactured by
Matsushita Electronics Corporation have been evaluated for their suitability in space applications.
The FPGA's are manufactured on a commercial manufacturing process as opposed to a radiation-
hardened manufacturing process. A number of design and cost tradeoffs make the commercial
FPGA an attractive alternative to other ASIC technologies. The short design cycle and relatively
low cost are an immediate advantage. ACTEL's proven oxide-nitride-oxide antifuse reliability also
warranted looking at these FPGA's for space applications.

The areas of special interest and evaluation conducted by JPL and others included

metalization integrity, radiation tolerance from total dose damage, single event effects sensitivity,
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and device latchup caused from heavy ions. In addition a number of parts were put on life test.
They were examined using destructive physical analysis methods before and after 2000 hr of life.
From some of the data and analysis some lifetime predictions were made within the constraint of
design rules and particular application. Because the ACTEL FPGA is not manufactured on a
radiation-hardened process, it is important to review the results in light of the inherent
capabilities of the device and design with the current process technology. With this in mind, some
standard benchmark can be established to give the user some guidance for performance. The
results reported do not always agree because test methods and device configurations were not
identical. However, based on the data obtained and assimilated an expected level of behavior can
be predicted for the FPGA devices. It is up to the user to do further testing if needed to satisfy a
more stringent requirement. This report and its findings in general support the ACTEL FPGA
technology for some space applications and conditions.

The report is divided into four sections. The first section is the general section comprising
the general comments and conclusions by JPL. The remaining sections are a summary of the work
and supporting data for the A1020 (2-pm), A1280 (1.2-pm), and A1020A (1.2-pm) FPGA's. The
sources and authors for these summaries are referenced. The work was done independently yet
together completes the objective to evaluate the FPGA technology. The technical content of the
charts and graphs is presented exactly as taken from the sources. Interpretation is left to the

reader because the data were from limited sample sizes, which may not be statistically valid.

1.3 DESTRUCTIVE PHYSICAL ANALYSIS EVALUATION

The work done by JPL focused on destructive physical analysis for the A1020 (2.0 pm)
and 1280 (1.2 pm). Devices from these two FPGA technologies were examined in detail by cross-
section analysis of all materials and their respective thickness and interface pattern. The DPA
reports for the ACT I A1020 and ACT II A1280 are included as JPL PIP report Nos. 304 and
305. In general the die structures and measurements made from SEM photographs were in
agreement with information provided by ACTEL.

The only concern is the evidence of metal-2 thinning in a via step to metal-1 and in metal
step coverage in BPSG cuts to poly and silicon contacts. The measured thickness was 25% or less
of nominal metal thickness. This violates MIL-STD-883 Method 2018.3 paragraph 3.7.2. This
limited metal step coverage was seen in both the 2.0-pm and 1.2-pm technology and corroborated
by evaluation at TRW. The 1.2-pm technology is more aggravated because of the scaling effects of

metal and subsequent smaller via and contact sizes.
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In order to ascertain the reliability risk created by the step coverage, current density
calculations were done for single contacts. MIL-STD-883 allows a current density of less than
2.0E+05 A/cm? if the step coverage is 30% minimum for a geometry less than 1.5 pm. With this
current density limit no electromigration problems are predicted assuming nominal operating
conditions. The current density calculations done for the 2.0-pm technology showed the worst case
for a single contact is 1.06E+05 A/cm? with 23.5% step coverage. This does not meet MIL-STD-
883 but can be waived for some noncritical applications if the operating temperature is less than
90°C. The assumption being that by ACTEL's design rules a single contact is limited to 1 mA for
the internal transistors which are doing AC logic switching. Input and output transistors have
multiple contacts for current sharing and were not an issue. The 2-pm process electromigration
lifetime calculation approximates 10 years (at 125°C) and 70 years (at 90°C) for ttf o1 with a 50%
duty cycle. This is acceptable provided the 1-mA current limit assumption is valid. The 1.2-pum
process has a current density of 2.89E+ 05 A/em? (12.5% metal step coverage). The predicted life
is 1.5 years (at 125°C) and 10 years (at 90°C). The scaled technology is more at risk unless
operating temperatures are kept below 90°C. Note that ttf (1 indicates that 1 single contact or via
out of 10,000 will fail given a log-normal failure distribution.

1.4 RADIATION TOTAL DOSE

Total dose testing was done on the A1010 and A1020 (2.0-pm) devices. One reported result
for total dose is 150 krads (Si) with no functional and no post-irradiation effects (PIE) on
parametric failures within 7 days of biased anneal. Icc standby leakage, input leakage, and output
leakage demonstrated recovery to specification limits, or better. Other total dose tests have
reported up to 300 krads (Si) with no failures. There were no PIE evaluations with the higher
exposures. Based on the small sample size tested the A1010/A1020 devices are assured to 100 krad
(Si).

The A1020A (1.2 um) has shown functional failures between 100 krad (Si) and 200 krad
(Si). These devices have shown recovery of the dynamic operating leakage current within 24 hr of
anneal after 200 krad (Si) exposure.

The A1280 (1.2 pm) had functional failures at § krad (Si), 20 krad (Si), and 70 krad (Si)
at 0 hr of post-irradiation testing. Functional recovery varied from 1 hr with ambient anneal to 24
hr with temperature anneal. Icc static leakage reached levels as high as 150 mA after irradiation
with 125°C anneal. It is fair to state that the 1.2-pum device total dose results are less conclusive
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than those for the 2.0-um devices, and more radiation characterization is needed. It appears at
this time that the A1280 does not have much TID tolerance beyond a few krads.

1.5 SINGLE EVENT EFFECTS

The ACTEL A1010/A1020 (2.0-pm technology) and A1020A (1.2-pm technology) were
characterized for SEE. A ripple counter was configured by utilizing a number of ACTEL macro's
and 1/O's. The devices were bombarded with different heavy ion beams at variable flux. The
devices exhibited no latchup at LET < 120 MeV/(mg/cmz). The upsets have been detected at LET
> 22 MeV/(mg/cm2). The asymptotic cross section reported by APL was 2.3 x 106 cm2/bit. The
number reported by Aerospace Corporation was 1 x 104 cm?2/bit.

Another test of the 2-pum technology parts using a multiple twisted ring counter containing
up to 100 vulnerable bits showed an upset threshold at LET 2> 15 MeV/(mg/cmz). These results
were consistent at 100°C. It should be noted that the 2-pm technology uses only C-modules and
this explains why the SEU performance is more consistent.

The ACTEL A1280 (1.2-pm technology) was evaluated using C-modules and S-modules.
The measured effective LET is > 15 MeV/ (mglcmz) for the C-module and < § MeV/(mg/cmz) for
the S-module. It is fair to conclude that designé using the A1280 will have lower LET thresholds
compared to those using A1010/A1020. This limitation is the result of the S-modules.

1.6 ELECTRICAL CHARACTERIZATION AND LIFE TEST

The ACTEL 1020 was put on life test at T=125°C and Vee=5.0 V. It successfully passed
functional and parametric testing after 2000 hr. Some AC tests such as TPLH and TPHL failed
the 5-V test limit marginally on select pins. These AC failures may possibly be attributed to test
setup or fixture problems. An example of electrical characterization tests performed for the life
tests is given in Subsection 2.5.

The ACTEL 1280 was put on life test at T=125°C and Vee=5.0 V. It successfully passed
functional and parametric testing after 500 hr. The units were put back on test but further results
were not available for publication of this report. An example of electrical characterization tests
for life test is given in Subsection 3.5.

The ACTEL 1020A was put on life test at T=175°C and Vec =5.75 V. It successfully
passed functional testing after 2000 hr. It was shown that one parametric test (IOL) exhibited a
delta of between 12% and 18% of the original reading. This occurred on the majority of units and
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most device pins tested for IOL. All other parametrics tested demonstrated less than 5% change
throughout the life test. There was no failure analysis done on these parts to determine the
apparent cause of the IOL drift. Graphs for the IOL test characterization can be found in
Subsection 4.2.

1.7 CONCLUSIONS

The objective of evaluating the ACTEL FPGA's (manufactured by Matsushita) was to
determine their present capability and future potential for space applications. The ACTEL
technology and FPGA architecture are among many available to the aerospace community.
However the ACTEL products were chosen as having more radiation tolerance in earlier
investigations. Therefore a more thorough review and evaluation was warranted and now
successfully completed by the aerospace community.

Two important requirements for space application are product reliability and quality. To
evaluate these, there was examination of the manufacturing process using destructive physical
analysis methods. In addition product life tests were conducted. The life tests and DPA evaluation
were directed toward giving insight into whether the technology and product could meet the
stringent standards necessary for space applications. All space projects and designs will have
different part standards and requirements. But some minimum level of reliability must be assured
to be deemed acceptable by the aerospace community. The one concern as a result of the DPA is
the poor quality of metal step coverage. The A1010/A1020 (2 pum) is acceptable provided a 20%
minimum step coverage in contacts and vias is met by the manufacturer and the application
temperature is limited to 90°C. The A1280 (1.2 pm) and the A1020A (1.2 pm) are not
recommended at this time because mission lifetime is jeopardized due to possible electromigration.
Product life testing also showed evidence that some parameters may change. To insure against
these changes a delta criteria is recommended as part of the screening flow or life tests.

The radiation data collectively for the A1010/A1020 show the product to have an acceptable
TID tolerance for some space applications. The total dose achieved without any hard failures is at
or slightly above 100 krads (Si). SEU LET thresholds appear to be in the 15 to 25 MeV/(mg/cmz)
range. There was no latchup observed for LET < 120 MeV/(mg/cmz).

The A1280 is more vulnerable to SEU, because by design it is comprised of C-modules and
S-modules. The S-module LET threshold is less than § MeV/(mg/cmz). The total dose for the
A1280 is at 5 krads (Si), significantly less than that for the A1010/A1020. Further study of the
A1280 is needed to understand its limited performance.
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In summary we hope this report provides useful information to all space application users.
It was through the cooperation of all who participated and those who contributed information that
a much better understanding of the FPGA's performance as a radiation hard and reliable device
has been achieved.
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GE ASTRO SPACE SUMMARY REPORT
RADIATION TOTAL DOSE GRAPHS

PRODUCT: CMOS FIELD PROGRAMMABLE GATE ARRAY
MANUFACTURING BY: MATSUSHITA
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AEROSPACE CORPORATION SUMMARY REPORT

PRODUCT: CMOS FIELD PROGRAMMABLE GATE ARRAY

MANUFACTURING BY: MATSUSHITA

DEVICE: ACT1010/ACT1020 (2.0 micron); ACT1280 (1.2 micron)

EVALUATED BY: AEROSPACE CORPORATION

Ref. (1)Single Event Effects Testing Report by R.Koga

Ref. (2)Single Event Upset and Latchup Susceptibilities of Actel A1280 CMOS
Field Programmable Gate Array Report by R.Koga & S.J.Hansel

EVALUATIONS:
A1280 SINGLE EVENT UPSET (SEU) and LATCHUP SUSCEPTIBILITY

Data was taken on four devices each of which was programmed using four
sequential ring counters and four combinatorial ring counters. Each device module
was programmed as a multiple twisted ring counter using 60 D-type flip-flops.

All programming was accomplished with antifuse elements. The programming
was performed by ACTEL.

The test measurement was accomplished by by comparing the correct output signature
of an unexposed device to the device that is exposed to the ion beam. Each device
tested is exposed to a number of cycles while a sufficient number of output errors

is accumulated and recorded. During exposure the power supply current was also
monitored to detect latchup. SEU and latchup measurements were taken at room
temperature and at 100°C.

Test results show that nuil latchup results were measured at the effective LET's
ranging from 15 to 120 Mev/(mg/cm2). The SEU measurements were taken and
plotted as {(cm2/240 flip-flops) vs LET[MeV/(mg/cm2}]; See figure 3. Examination
of the data shows that C-modules are less vulnerable than S-modues for SEU.

At 100°C the results are identical.

A1010/A1020 SINGLE EVENT UPSET (SEU) and LATCHUP SUSCEPTIBILITY

The parts evaluated for SEU were exposed to Xe(603 MeV), Kr(380 MeV),Cu(290 MeV),
and Ar (180 MeV) ion beams. They were programmed as multiple twisted ring counters
each of which was 10 bits long. The A1010 and A1020 were programmed to hold four
and five ring counters which contained 40 and 50 vulnerable bits.

The test measurement was done similarly as described for the A1280.

Test results show that null latchup results were measured at the effective LET's

ranging from 15 to 120 Mev/{mg/cm2). The SEU measurements were taken and

plotted as {cm2/ 40 or 50 flip-flops) vs LETIMeV/(mg/cm2)}. From the data it is seen

that the A1010 and A1020 have similar susceptibilities. The test results at 80°C

and 100°C are nearly identical to those at room temperature. Nufl fatchup were measured
at effective LE{s ranging from 15 to 120 MeV/(mg/cm2). See figure 4 and 5.

Post SEU testing of antifuses at 100°C revealed some errors. However it is speculated
these errors were the result of using commercial devices rated and tested to 70°C.
There was also some indication of mishandling the parts after SEU testing.
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APPLIED PHYSICS LABORATORY SUMMARY REPORT

PRODUCT: CMOS FIELD PROGRAMMABLE GATE ARRAY

MANUFACTURING BY: MATSUSHITA

DEVICE: ACT1020 (2.0 micronland ACT102CA(1.2 micron)

EVALUATED BY: APPLIED PHYSICS LABORTORY

Ref: Internal Report "Electrical and Radiation Qualification Methods for Field
Programmable Gate Arrays in Space Applications™

EVALUATIONS:
SINGLE EVENT UPSET (SEU)

SEU sensitivity for the original 1020 and the scaled version {1020A) were

evaluated for cross-sections. Parts evaluated were programmed using 547 logic
modules in a chain of 262 flip-flops. Detection and counting would result if any upset
would occur in the chain. After an occurence a reset would be initiated.

Test results for both versions were consistent. The asymptotic cross-section

for both versions was 2.3 x 10E-6 cm2/bit. The threshold Linear Energy Transfer
for the 1020 was 25 MeV-cm2/mg while the threshold for the scaled version was
about 22 MeV-cm2/mg.

Actel 1020 SEU Results
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PARTS INFORMATION PROGRAM

ELECTRONIC PARTS RELIABILITY SECTION
PIP No.

JPLU

Jet Propulsion Laboratory DATE 7 Apr {1 1992

Caitorma Institute of Tecnnoiogy

SUBJECT:

Preliminary Product Analysis (PA) of ACT-1020B CMOS Field Programmable
Gate Array (FPGA) device manufactured by Actel Corp.

SUMMARY:

One ACT-1020B FPGA CMOS device in pin grid array (PGA) package was
submitted to the JPL LSI group for destructive product analysis. This PA
effort is a part of the JPL/NASA Quality Assurance Program for selection
and qualification of field programmable logic array devices considered
for use in flight hardware systems for the Earth Observation System (EOS)
and Cassini Missions. The evaluation results provide initial insight
into the quality of FPGA Si-chip materials structures, and identify
antifuse oxide/nitride/oxide (ONO) dielectric and poly structure of
programmable logic cell with fused and intact ONO patterns, as shown in
Figures 7d, 11b and 12b.

The FPGA chip top passivation utilizes two-level dielectric of nitride on
Si0,. The chip has two-level (Si- and cu-doped aluminum) metal
interconnections; metal-2 interconnects with metal-1, and metal-1
interfaces with poly and Si contacts. The chip intrametal dielectric is
a two-layer (unplanarized) Spin-on Oxide (SOG) on Low Temperature Oxide
(LTO). The chip two-pattern polysilicon is; gate-poly on thin gate
oxide, and PAL-poly on ONO. All poly patterns and thick field oxide are
covered by a thin nitride film prior to BPSG deposition. Local oxidation
is used for thick field oxide lateral isolation of FPGA cells and MOS
transistors. The device requires a single source 5.0 V supply. The
attached manufacturer’'s data sheets provide detailed information on
electrical and environmental functionality of the 10208 CMOS FPGA device.

SOURCE OF INFORMATION:

JPL LSI Engineering Group, Section 514, S. Suszko.

4-1716 or

FOR ADDITIONAL INFORMATION CONTACT: __Stefan Suszko EXT: 4-770%

APPROVED: oA bl

~ Grotdp Superwsor - LSI Engineenng Grcuo
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PIP 304 2

Overview of Package and FPGA Chip Optical and SEM Examinations:

Figures la through 12d are optical and scanning electron microscope (SEM)
photo views, which, together with captions, provide detailed examples for
identification and definition of FPGA 1020B Si-chip materials structures,
their interface integrity, and dimensions. See Table I.

1) SEM Examination of Chip Laterally Exposed Metal
Interconnections: Figures 2a through 4c show exposed metal-2
with good contact alignment to metal-1. Though there are
unusual metal-2 step features over SOG and LTO dips above metal-
1 contacts, these are not metal-2 to metal-1 contacts, as shown
in Figures 2d, 3d, and 4c. These metal-2 steps only replicate
unplanarized intrametal SOG and LTO over metal-1 contacts.

Figures 5a through 6d are scanning electron microscope (SEM)
photo views of exposed metal-2 and metal-1 interconnections

showing contact patterns and step coverage (after removal of
intrametal SOG and LTO).

Figures 7a through 7d are SEM photo views of exposed MOS
transistor cells with thin nitride film over field oxide, gate
poly patterns, and programmable array cells (PAL) poly patterns,
and exposed contacts to poly and Si (after removal of two-level
metal and interlevel dielectrics).

2) SEM Examination of Two FPGA Chip Cross-Sectioned Segments:
Figures 8a through 10b are SEM photo views which show cross-
sectioned details of metal-2 to metal-1 contacts, and metal-1 to
poly and Si contacts, and features of via cuts in BPSG for
metal-1 contact interface to poly and Si.

Figures 10c and 10d show identified details of poly gate length
and thickness structure with sidewall oxide for Lpp, and
effective channel length. A pattern of thin nitride film over
poly oxide and field oxide is identified in Figure 10d.

Figures lla through 12d show cross-sectioned details of PAL-cell
poly on ONO dielectric structure (at 0° and 90° cross-sectioned
segments) with intact ONO between poly and Si, and with fused
(programmed) poly to Si through 1000 A thick ONO dielectric, (as
in poly to Si buried contact).

For dimensions of materials structures on Si, and Si-chip, see
Table I.

Conclusions

Evaluation results of the Actel FPGA 1020B Si chip show evidence of
metal-2 thinning in via step coverage to metal-1 contacts, with 0.25 4m
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3 PIP 304

step coverage thickness, or 25% of nominal 1 pm thick metal-2 (Figure
8b). A similar thinning effect is also evidenced in metal-1 step
coverage in BPSG aperture cuts to poly and Si contacts; with minimum
metal-1 step coverage thickness of 0.2 um or «30% of the 0.85 um nominal
thickness as shown in Figures 8c through 9d. The thickness quality of
metal step coverage as shown in these figures does not meet the
acceptance criteria of MIL-STD 883C.

However, reliability data may be acceptable to pass this metal step
coverage in contacts for current density requirements according to
MIL-M-38510, as calculated by Mike Sandor of JPL (Ref: JPL

IOM S514-F-038-92, dated 2/14/92) Calculation of Current Density for Actel
2 pm Technology FPGA Devices. This FPGA technology is several years old
and the reliability data base on it is new and still evolving. See the
manufacturer's reliability report and data sheets for details of the
functional characteristics of this device. According to Actel
information, the first production run of 1020B FPGA devices started in
late 1989. For additional details, contact M. Davarpanah, JPL component
specialisct.

NOTE

The Actel data sheets for the ACT 1010/1020 FPGA chip refer to the fab-
process description for this device as "2 um". (See Data Sheet, Table 1).

However, JPL product analysis results of the FPGA device, with package
markings A1020 and chip logo ACT1020B, reveal and identify the poly gate
length of this chip to be approximately 1.4 um and the effective channel
length 1.24 um, as shown in Figures la, 1f, 10c, and 10d.

These dimensional results show the poly gate and effective channel length
fab-process more closely approximates 1.5 or 1.2 um, rather than the
2 pm definition.

This dimensional description and issue for Actel FPGA devices 1020,
1020A, and 1020B needs to be specifically identified in Actel’s

data sheets for each device type, together with corresponding package/lid
markings in terms of quality assurance specifying FPGA chip type in
ceramic package.

Procedure:

This evaluation was performed on one device in accordance with
MIL-STD 883C, Methods for Microcircuits.

The chip was extracted from its PGA package, backscribed and cleaved into
four segments.
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Two chip segments were used for lateral selective exposure and removal of
chip materials levels. The other two chip segments were prepared as
cross-section samples and examined for definition and identification of
chip materials layers on Si, their interface integrity and thickness
dimensions (see Table I). Optical and SEM examinations were performed
prior to and after each level of chip materials exposure, and X-ray
spectroscopic analysis was used for identification of chip materials
composition.

Table I. Physical Dimensions of ACT 1020B Die and Die Structures

Die/Die Structures Dimensions

1 Die material: Si and size =« 8.8 x 9.2 um
2 Die passivation: Nitride on SiO, « 1.2 um
3 Die metallization: Si-and-cu doped Al two-

level interconnect, metal-2 top and metal-1

bottom level
4 Metal-2 thickness « 1. um
5 Metal-2 step thickness in vias =« 0.25 pum
6 Metal-2 line width « 4, um
7 Metal-1 thickness = 0.85 oum
8 Metal-1 step thickness in BPSG apertures « 0.2 um
9 Intrametal dielectric SOG on LTO (not

planarized) thickness « 0.65 pum
10 BPSG thickness = 0.75 um
11 Thin nitride thickness on field oxide « 800. A
12 Field oxide thickness = 0.75 pum
13 Gate poly thickness « 0.35 um
14 Poly gate length = 1.45 pum
15 Effective chan-length =« 1.24 pum
16 Gate oxide thickness « 250. A
17  ONO thickness « 1000. A
18 PAL-poly thickness = 0.35 um
19 Contact dia to poly and Si « 2. um

NOTE: The chip materials dimensions were derived from SEM photo figures
using the SEM calibration reference line and magnification factor.
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SEM PHOTO VIEWS OF EXPOSED METAL-2 ONLY
(TOP NITRIDE AND SiO, REMOVED).

Figure 4a.
& 2kX flat view of metal-2
line widths with minor
wedge defects in metal.

MINOR WEDGE
DEFECTS IN
METAL LINES

00

Figure 4b.

3kX flat view of metal-2
line width with minor
wedge defects.

[A]8]

AUTEL-MIT Pul 19220-8  10kx 550 Figure 4c.

10kX side view of metal-2
step over SOG and $i02 step
of metal-l contact.

METAL-2 OVER SOG
AND SiO, OF
METAL-1 CONTACT

SOG AND SiO;
METAL-1
CONTACT

49



PIP 304 10

SEM PHOTO VIEWS OF EXPOSED METAL-2 AND METAL-1
(INTRAMETAL DIELECTRICS REMOVED).

EXPOSED METAL-1
WITH CONTACTS
TO Si

METAL-2 CONTACT
TO METAL-1

Figure 5a. 2kX side view of metal-2 step
coverage and contacts to metal-l.

LINE WIDTH
=4 um

[ o~ BB EXPOSED METAL-1

METAL-2
CONTACT
TO METAL-1
METAL-2 STEP OVER
EXPOSED METAL-1
WITH INTRAMETAL
SOG AND LTO
METAL-1 REMOVED
CONTACT
TO Si

Figure 5b. 5kX side view of metal-2 step
coverage features and contact
to metal-1.
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| ACT™ 1010/1020
Reliability Report

By Steve Chiang
and
Ken Hayes

m—

ACT™ 1010/1020 devices are 1200- and 2000-gate (respectively)
field programmable gate arrays (FPGAs). The programming
clement is an Actel-invented PLICE™ (Programmable
Low-Impedance Circuit Element) antifuse. An antifuse is a
normally open device in which an electrical connection is
established by the application of a programming voltage. Although
ACT 101071020 products are one-time programmable devices,
their unique architecture features complete functional testability.

The ACT 1010/1020 device is processed using a standard 2 pm,
double metal, CMOS process to which three additional masking
steps have been added to implement the PLICE antifuse. A
description of the main process parameters is shown in Tabie 1.
Because ACT 1010/1020 devices are manufactured with a
conventional CMOS process, normal CMOS failure modes will be
observed. However, the addition of the antifuse adds another
structure that could affect the device's reliability.

Actel has completed numerous studies in order to quantify the
reliability of the antifuse. These studies lead to the conclusion that
the time to failure of the antifuse is substantially more than 40 years
under normal operating conditions and that the combined
contribution of all antifuses to the gate array product’s hard failure
rate is less than 10 FITS (Failures-in-Time or 0.001% failures per
1000 hours).

Table 1. ACT 1010/1020 Process Description
CMOS, 2 um, double metal, dual polysilicon, dual weil. EP! water.

Dimensions

Wwidth Space
N+ 4.0 um 20um
P+ 40 20
Cell Polysiiicon 1.6 3.6
Gate Polysilicon 16 24
Metal | 4.0 20
Metal |l 42 28
Contact 18x18 2.0
via 20x20 20
Thickness
Normai Gate Oxide 25 nm
High Voltage Gate Oxide 40
Cell Polysilicon 35
Gate Polysilicon 40
Metal | 80
Metal 1! 100
Passivation 1100
Composition
Metal | 98% Al. 1% Si. 1% Cu
Metal |i 98% Al, 1% Si, 1% Cu
Passivation 300 nm Si0,, 800 nm SiN

PLICE Antifuse Reliability

The antifuse is a vertical, two-terminal structure. It consists of a
polysilicon layer on top, N+ doped silicon on the bottom, and an
ONO (oxide-nitride-oxide) dielectric layer in-between. A Scanning
Electron Microscope (SEM) cross-section of the antifuse is shown
in Figure 1. On the ACT 1010/1020 device, the size of the antifuse is
1.8 pm? This small size, along with a low programmed
on-resistance, typically 500 Q. makes the PLICE antifusc a very
attractive alternative to EPROM, EEPROM, or RAM foruseas a
programming element in a large programmable gate array. Inthe
unprogrammed state, the resistance of the antifuse is in excess of
100 M. The ACT 1010 and ACT 1020 contain 112,000 and
186,000 antifuses respectively. However, typical applications
utilizing 85% of he available gates require programming only 2%
to 3% of the available antifuses.

A\, - g IRV

Antituse Diffusion
= 3 PN

JEPRDIEREI

e

Figure 1. SEM Cross-Section of Antifuse

The Unprogrammed Antifuse

In order to evaluate antifuse reliability, Actel has developed
models and collected data for both unprogrammed and
programmed antifuses” 1. We'll consider the unprogrammed
antifuse first. Since the antifuse is a dielectric sandwiched between
polysilicon and silicon. the model for its reliability. in the
unprogrammed condition. is the same as that used to evaluate
reliability of MOS transistor gate oxides. The parameter we wish to
evaluate is the time to breakdown (lug) of the dielectric. This
parameter is a funcuon of the electric field across the dielectric as
well as temperature and has the following relationship’

D 1991 Actel Corporation

April 1990
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(8))

where tyg is the time 10 breakdown 1n seconds. lo1s a constant. E 18
the electnc field in MV/em, and G is the field acceleration factor in
MV/em (G 1s a functon of temperature).

By taking the log of both sides of equation 1 we have:

e = L+ exp (G/E)

In (teg) = G - (VE) + In (t)

From expenmental data, we can plot the log of the ume 1o
breakdown of the antifuse at various temperatures versus the
reciprocal of the electnc field across it and derive G from the slope
and i from the Y axis intercept. Actel has done this both on large
antifuse capacitors and on arrays of 28.000 antifuses. An exampie 1s
shown in Figure 2. From this we have denved a value for G of 510
MV/em and a t, of 1 x 107* seconds. Also note the difference
berween the data at 25°C and 150°C.

LN (Time 1o breakdown in seconds)

; |
1 ?/ ‘ ‘ ’ B 150°C » 25°C
L IR
76 78 [ ] 1.;),5 (cﬂl‘;Mv, LE ] [ X} ]

Figure 2. Field Acceleration of Antituse (0.04 mm? Area Capacitor)

In order to quantify the temperature-dependence of the time to
breakdown, we use the Arrhenius equation to determine the
reaction rate (or semiconductor failure rate) of a given process
(failure mode) over temperature:

R = Ry . expt-E1D &)

where R is the reaction rate. R, is a constant for a particular
process, T is the absolute temperature in degrees Kelvin, k is
Boltzmann's constant (8.62 x 10 eV/*K), and E, is the activation
energy for the process in electron volts. To determine the
acceieration factor for a given failure mode at temperature T, as
compared with iemperature T, we use equation 3 to derive:

ATy Ta) = exp [- (BK) - {(UTy) - (UTy)})

where A is the acceleration factor.

For a given time 1o breakdown of a dielectric, the expression,
E. = k. dIn (ta¥d (VT) (5)

grves us the activation energy®. The field acceleration factor, G, s
also temperature-dependent, i.e.

O

®
where 8 (in eV) characterizes the temperature-dependence of G.
E. can be related to G (T) by:

G(M) =G - [1+ 8k.{UT - 11298))

E,=G.8E-E, &)

where § and E, are treated as fitting parameters berween E,
and G.

From the data shown in Figure 2. as well as data on test arrays of
28,000 antifuses, we have denved a value for E,of 0.2eV. This vaiue
of E, = 0.2¢V isfor a very high E field of 11 MV/em, or 10V across
the antifusc. With 5.5 V, the E field is about 6 MV/em and E.is
approximately 0.6 ¢V. Values of § and E, were found from
equation 7 to be 0.01 eV and 0.24 eV, respectively.

By combining equations 1, 5, 6, and 7, we obtain an overall equation
for the time 1o breakdown for a given temperature and E field:

foa = o - &xp {(G/E) [1 + (B/K) - (UT - 1/298)] - (Ev/k) -

(T - 1/298)} ®

2-2
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By applying the values for the constants as defined above, the time
10 breakdown for the antifuse dielectric can be derived for a given
temperature and electric field. In Table 2, we have used equation 8
10 solve for the acceleration factors associated with powering up a
device at high voltage and/or temperature and comparing the
failure rate with more typical voltages of temperatures. We cansee
the effect of temperature by comparing 125°C at 5.5V with§5°Cat

(HTOL) later in this report.

5.5V in which the Actel model (equation 8) gives us an acceleration

Table 2. Acceleration Factor vs. Operating Conditions (Unprogrammed Antifuse)

o= 1x10°10%. G = 510 Mv/icm, 8 = 0.01 eV

factor of 36, or 4.1 cquivalent years for a 1000-hour burm-in at
125*C. Note that this acceleration factor of 36 is close to the value
of 41.8 derived from the Arrhenius equation (equation 4) using an
activation energy of 0.6 ¢V and the same temperatures. We use 0.6
eV as a general semiconductor failure mode activation energy
when calculating failure rates from high-temperature operating life

Temperature/Voltage Equivalent Years
Acceleration for 1000-Hour
Model High Typlcal Factor 125°C Burn-in
125°C/55V §5°C/55V 36.0 4.1
Fixed Voltage 125°C/5.5V g5°C/55V 39 04
25°C/5.5V 25°C/5.25V 487 56
Fixed Temperature 25°C/5.75V 25°C/5.25V 1692 193.2
25°C/5.75V 25°C/5.5V 347 40
125°C/55V §5°C/5.25V 1526 174.2
varied Temperature and Voltage 125°C/5.75V §5°C/5.5V 883 100.8
125°C/575V 95°C/5.5V 96.5 1.0
Fixed 0.6 oV 125°C/55V §5°C/55V 418 48
{Activation Energy). 125°C/5.5V 95°C/55V 42 0.5
Vottage-independent

We can also see from Table 2 that a small change in voltage is a
much more effective reliability sereen for the unprogrammed
antifuse than is a change in temperature. For example. if we
compare 25°Cat5.75V 10 25°C at 5.25 V we see thatjusta haif volt
change yields an acceleration factor of 1692. or 193.2 equivalent
years per 1000 hours at 5.75 V. This strong dependence on voltage
allows Actel to screen out antifusc infant mortality failures during
normal wafer sort testing at Actel simply by performing a special

test in which a higher than normal voltage is applied across all

antifuses. Because antifuse infant montality failures can be detected

Test devices were stressed by forcing a constant 5 mA current from
polysilicon to N + diffusion through the antifuse at 250*C. Note
that this stress is far greater than what a programmed antifuse
would see in a device operating under normal conditions. Because
the antifuse is used to connect two networks together, there is
usually no voitage across it. hence no current passes through. A
voitage will appcar across the antifuse only momentarily while a
network switches from low-to-high or high-to-low.

and cffectively screencd, ACT 101071020 devices have as high a

level of reliability as standard CMOS processed products.

Actel has collected data on over 350 antifuse test dewvices
representing eleven wafer runs. From this data. we have D
determined that the contribution of the antifuse 10 overall device 3
reliability is less than 10 FITS. This conciusion is confirmed by the
reliability data taken on actual ACT 101071020 units which wil be

discussed later in this paper. N+
Dittusion D
The Programmed Antifuse " 2 ‘D
A Kelvin test structure as shown In Figure 3 was used 10 evaluate GND
refiability of a programmed antifuse. Here. a strip of polysilicon o

crosses an N+ diffusion. The anufuse is located at therr
intersection. There are metal-10-poly contacts at nodes 1and Jas
weil as metal-to-N + cuntacts at nodes 2 and 4 A four-terminal

Poly ——e= D

Kelvin structure 1s useful should a failure occur. because antifuse
vpens can be scparated from other problems (such as polysiliconor
contact opens) simply by checking for continuity on appropriate

pasrs of nodes.

Figure 3. Antifuse Kelvin Structure

60
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Durning the 5 mA, 250°C stress. the voltage across the antifuse was
monitored. Figure 4is aplotof the monttored voltage as 3 function
of stress me. A sudden increase in voltage indicates that an open
occurred. Ascanbescen from the figure. failures occurred at about
30() hours of stress. However, by probing on nodes 3 and 4 of the
Kelvin structure, we were able to measure continuity and
determine th t the antifuse. The failed

units were then examined on an SEM. where the causc of failure
was revealed as metal-to-poly contact electromigration. This 15 2
well-known failure mode in CMOS. which has been determined 10
have an activation energy of0.9eV. Using equation 4 we can predict
a lifetime under normal operating conditions iR €XCESS of 40 years
for this failure mode. The lifetime of the programmed antifuse 1s
even jonger.

at the cause of failure was no

250°C 5 mA Test

NERR

Voltage Across Antifuse

SRS

Antituse Acceterated Lifetest

RN

2
24 48 72 96 120144 \umzmmmmmzmwwmm 456
Etapsed Time {Hours)

igure 4. Voltage Across Antifuse versus Stress Time

//":”//,

ACT 1010/1020 Device Reliability

Device reliability was evaluated
PROM (PROM64), 8

on four Actel products: 3 64K
300-gate FPGA (1003). a 1200-gate FPGA
(ACT 1020/1020A).
The PROMG64 product uses the same process and antifuse as the
ACT 1010/1020. The 1003 is 2 test device, a smalier version of the
ACT 1010/1020, which was used for early charactenization and

qualification. The ACT 1010A and ACT 1020A are 20% linear dic
shrink versions of the ACT 1010 and ACT 1020, respectively. The
PROMO64 units were packaged in 24-pin side-brazed packages; the
FPGA units were 1n 68- and 84-pin JLCC (ceramic J-leaded chip
carners) and PLCC (plastic-leaded chip carriers) packages.
Package charactenstics for ACT 1010/1020 devices are shown 1n
Tabie 3.

2-4
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Table 3. ACT 1010/1020 Package Characteristics

PLCC

Molding Compound Sumitomo 6300 H

Filler Material Fused silicon 70% by weight

Lead Frame Material Copper

Lead Plating Composition Tin or soider. 300 to 800 micro inches (uin)

Die Attach Material Silver Epoxy

Die Coat Dow Coming Q14939 silicon gel

Bond Wire Gold. 1.3 mil diameter

Bond Attach Method Thermosonic

JLee

Body Material Ceramic

Lict and Lead Material Alloy 42 with minimum 60-yin goid plate

Bond Wire 99% Aluminum, 1% Si, 1.25 mil diameter

Bond Attach Method Ultrasonic

Thermal Resistance (°Crwan)

Package 44 PLCC 44 JLCC 68 PLCC 68 JLCC 84 PLCC 84 JLCC 84 PGA
0,c 15 5 13 5 12 5 8
6a 52 38 45 35 44 34 35

High Temperature Operating Life (HTOL) Test

The intent of HTOL is to dynamically operate a device at high
lemperature (usually 125°C) and extrapolate the failure rate to
typical operating conditions. This test is defined by Military
Standard-883 in the Group C Quality Conformance Tests. The
Arrhenius relationship in equations 3 and 4 is used to do the
extrapolation. To use the Arrhenius equation, we need to know the
activation energy of the failure mode. Activation energies of
antifuse failure modes were discussed earlier. Table 4 gives the
activation energies of general semiconductor failure modes.

Table 4. Activation Energy of CMOS Failures

Failure Mechanism Activation Energy

lorme Contamination 1.0 eV
Oxide Defects 03ev
Hot Carrier Trapping in Oxide -0.06 av
(Short Channels)

Silicon Defects 05 ev
Aluminum Eiectromigration 05ev
Contact Electromigration 09 ev
Electrolytc Comrosion 0.54 ev

Six different data patterns were programmed into the 64K PROMs
for HTOL tesung: a diagonal of zeros (98% programmed). a
diagonal of ones (2% programmed); a 1opological checkerboard
pattern (50%); ail zeros (100%%); allones (0%); and an incrementing
pattern (50%). During burn-in. all addresses are sequenced
through ata | MHz clock rate. The outputs are enabicd and loaded
with 4 100 ohm resistor 102 2 V supply. This resuits in an output

loading of equal to or greater than the data sheet specified limits of
lon = -4 mA and Iot = 16 mA. In most cases, the PROMs were
burned-in at Ve = 5.5 V, 125°C. However, voltage acceleration
experiments were also done at 7 V, 125°C aswell as at 8 V, 25°C.

The PROM is useful for antifuse refiability studies for several
reasons. First of all, we can program anywhere from 0% 0 100% of
the antifuses although we program only 2% to 3% of the antifuses
for a given design on the ACT 1010/1020 device. Also, an antifuse
failure on the PROM is very noticeable, since the antifuse is
directly addressed. A weak antifuse would show an AC speed drift,
and a failed antifuse would read the wrong data.

To evaluaie the ACT 1003/1010/1020 devices. we programmed an
actuai design application into each device and performed a
dynamic burn-in by toggling the clock pins at a | MHz rate. The
designs selected utilized 85% 10 97% of the available logic modules
and 85% 10 94% of the I/Os. Outpuis were loaded with 1.2 kQ
TESISIONs 10 Vpp resuiting in greater than 4 mA of sink current as
cach /O toggled low. Under these conditions, each ACT 1010
typicaily draws about 100 mA during dynamic burn-in, Most of this
current comes from the output loading while about 5 mA is from
the device supply current. The thermal resistance (junction to
ambient) of the 68- and 84-pin PLCC packages 1s about 45°C/Watt:
for the JLCC packages it is about 35°C/Watt. For a 125°C burmn-in,
this results in junction temperatures of about 150°C for plasnc
packages and 145°C for ceramic packages. Most burn-in was Jdone
at3.75 V (for voltage acceleration of the antifuse) and 125°C. Some
data was taken at 5.5 V. 125°C and at 5.5 V. 150°C.

Asummary of the HTOL data collected by Actel is shown 1n Table
5. A failure 15 Jefined as any device which shows a functional
falure. exceeds data sheet DC limits. or exhituts any AC speed
dnft. Among the parnts tested. no speed drift, faster or siower, was

62
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observed within the accuracy of the test set-up. Failure rates at
§3°C and 70°C were extrapolated by using the Arrhenius equation
and a general actvation energy of 0.6 eV Poisson statistics were
used to denve a calculated failure rate with a 60% confidence level
Use of Poisson statstics is vahid for a failure rate which is low anda
failure mode which occurs randomly with ume At 55°C. the
caiculated failure rate with a 60% confidence level was found 10 be
33 FITS (0.0033% failures per 1000 hours) This number was
denived from over 2.2 mitlion device hours of data

Table 5. HTOL (High Temperature Operating Lite) Test

Both of the obscrved failures were normal CMOS failures and were
not caused by the anuifuses. The 1003 device favied after 80 hours at
150°C. The unit was functional but had hugh Ipp current (40 mA v»
4mA typical). Liquid crystal analysis revealed a hotspot outside the
antifuse area of the chup. The other failed umit was nonfunctional.
with a high Ipp current of about 40 mA. This unit failed afier S00
hours at 125°C. Both failures are beheved to be the results of
junction degradation or silicon dcfects

Equivalent Equivalent
Device Hours Device Hours Device Hours
Device Units Runs at 125°C Fallures at 55°C (0.6 V) at 70°C (0.6 oV)
PROMB4 275 4 568.000 0 23 .8 Million 9.4 Milhon
1003 JLCC 238 3 359,400 1 150 58
1010 JLCC 144 6 283.000 0 118 47
1020 JLCC 61 2 90,000 0 38 15
1020A JLCC 69 2 69,000 0 29 1.1
1010 PLCC 496 6 844,000 1 353 140
1020 PLCC 32 2 48.000 [ 20 08
Totals: 1318 20 2,261,400 2 94.6 Million 37.4 Million
Summary:
Observed FITS at 55°C: 21
Observed FITS at 70°C: 53
Calculated FITS to 60% confidence at 55°C: 3
Calculated FITS to 60% confidence at 70°C: 83

(Summary of Data as of February 20 1990}

Unblased Steam Pressure Pot Test

This test is used to qualify products in plastic packages. Units are
placed in an autoclave (pressure pot) and exposed to a saturated
steam atmosphere al 121°C and 15 psi. Problems with bonding.
moiding compounds, or wafer passivation can cause metal
corrosion o occur in this atmosphere. Metal corrosion is detected
duning a full electrical test of the device following exposure 10 the
autoclave environment.

Table 6. Unbiased Steam Pressure Pot Test

A total of 426 units from five wafer runs and six assembly lots were
used. Read points were taken at 96, 168. and 336 hours There were
a total of four failures (Table 6). All four failures werc caused by
bond wires lifting off bond pads. This was 2n assembly problem
that occurred only on our first lot of plastic units. The failures were
caused by high temperature, not by metal corrosion. The assembly
problem was corrected, with no further failures observed.

121°C, 15 psi
Number of Fallures
Product Run Number Package Number of Units 96 Hours 168 Hours 336 Hours
1010 JB13 84 PLCC 34 0 3 0
1010 J813 68 PLCC 71 1 0 (4]
1010 JB14 68 PLCC 7 0 0 0
1010 JB22 68 PLCC 7 0 0 0
1010 J827 68 PLCC 50 4] 0 0
1010A Ti24 68 PLCC 129 0 0 0
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Blased Moisture Life Test (85/85)

In this test, the units are placed in a chamber at a tempcrature of
85C and a relative humidity of B5%. A voltage of 5.5 V is applicd
to every other device pin while other pins are grounded. 5.5 V is
applied to Vpp while Vs is grounded. This test is cffective at
detecting die related and plastic package related problems.

Table 7. Blased Moisture Life Test

As shown in Table 7, a total of 288 units were stressed. There were
three failures. One failure was caused by two lifted bond wires: it
was from the same lot in which we saw failures in steam pressure
pot test. The second unit was functional but had high Ipp current.
The 1000-hour failure was nonfunctional.

85°C/85% Humidity with DC Altemate Pin Bias of 0V 10 5.5 Vv

Number of Failures

Product Run Number Package Number of Units 500 Hours 1000 Hours 2000 Hours
1010 JB13 68 PLCC 80 2 1 0
1010 JB14 68 PLCC 81 0 0 s}
1010 Je2 68 PLCC 54 0 0 -
1010 JBaze 68 PLCC 54 0 0 -
1010 4827 68 PLCC 19 [+] [+] -

Temperature Cycling
This test checks for package integrity by cycling units through
temperature extremes. For ceramic packages. the range of

Table 8. Temperature Cycling Test
-65°C to 150°C Ceramic; 0°C to 125°C Plastic

temperature is -65°C to 150°C. For plastic packages. the range is
0°C to 125°C. Both programmed and unprogrammed units arc
placed on temperature cycle. Data on 451 units is summarized
in Table 8.

Failures
Product Run Number Package Number of Units 100 Cycles 200 Cycles 1000 Cyciles

1010 Ja13 68 PLCC 158 0 - 0

1010 JB14 68 PLCC 28 0 - ]

1010 JB26 68 PLCC 2t 0 - o]

1010 Jazs 68 PLCC N 0 - 0

1020 JB22 84 PLCC V4 0 - 0
1010 1077 84 JLCC 20 [¢] 0

1020 J833 84 PGA 25 0

1010A Ti24 68 PLCC 176 o] - 0

Other Tests grounded. and all other I/Os grounded. Thus each pin received a

Electrostatic Discharge (ESD)

Units were tested for sensitivity to static electricity by using the
human body model! as described in MIL-883C (100 pF discharged
through 1.5 k). Fifteen ACT 1010 units from three wafer runs
were tested. Nine representative 1/0 pins were checked on each
device. Since all 1/0 pins have the same layout on the chip, the nine
pins tested were selected based on their proximity 10 Vss, Vpo. or
the corner of the chip. The MODE pin was also tested because 1t is
the only dedicated input on the chip. In addition. the three power
supplies (Vss, Vob. Vee) were tested. Three positive and three
negative pulses were discharged intoeach pin tested at eachvoliage
level. For inputs and [/Os. these six pulses were applied with three
different grounding condinons; Vs only grounded. Vopp only

total of eighteen pulses for each test voitage. Testing began at 1000
V and continued in 500 V increments. After pulsing was completed
at each voltage. the 1-V characteristic of each pin was checked on a
digrtal curve tracer. Any significant change in the [-V curve from
the previous reading was considered a failure. The umits were then
tested on a VLSI tester. Leakage currents were datalogged at 0 V
and 5.5 V. Any pin showing more than 250 nA of leakage current
was also considered to be a failure. For Ipp, a change of more than
250 uA was cause for rejection. No failures occurred through 2000
V. At 2500 V. five of the fiflteen umits failed on at least one pm
Failure analysis revealed that the failures occurred on the
N-channet pulldown transistor of the output drniver. With no
failures through 2000 V testing, the ACT 1010 (and the ACT 102
by virtue of identical 1/O layout to the 1010 device) met the
requirements for the 2000 V ESD category of MIL-883C.
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Latch-up

Latch-up 15 a well-known cause of failure in CMOS circuits
Parasitic bipolar transistors are created by the P-channel transistor,
the N-channel transistors, the N-well, and the P-substrate. These
transistors are connected in a manner which effectively creates an
SCR. If a voltage on an external pin were 10 forward bias 1o the
substrate. the parasitic SCR can be latched to the on state, creating
alow-impedance path between Vpp and ground. A large amount of
current then flows through this path. This current can, at best,
make the device temporarily nonfunctional and. at worst, cause
permanent damage.

Several techniques are used by CMOS designers to reduce the
chance of latch-up. One of the most common techniques is the use
of guard rings to 1solate P-channel and N-channel transistors. The
disadvantage of this method is that it requires additional silicon die
area. Another method is to use a substrate bias generator. Creating
a negative substrate bias means thal an input must go even more
negative 10 cause latch-up. A third technique is to use EP] wafers to
achieve low substrate resistance. which lowers the chances of
triggering latch-up. Actel designers use both guard ring and EPI
wafer techniques for ACT 1010/1020 devices.

The latch-up test method used is defined by JEDEC Standard No.
17. Each I/O pin on a tested device was forward biased in both
directions (1o Vg5 and Vpp) by forcing negative and positive

currents ranging from =50 mA to 2250 mA in 50 mA increments.
Foliowing each stress, the device Ipp current was measured. If the
current exceeded the data sheet hmi of 10 mA. the unit would be
rejected. The device was also functionally tested.

Fifteen units from three different wafer lots were tested. Testing
was done both at room temperature and at a worst case
temperature of 135°C. All device I/Os and power supplies were
tested. No failures were detected through 250 mA.

Conclusion

The data presented in this report establishes the excellent
rehability of Actel ACT 1010/1020 devices. Both the Actel models
and the test devices show that the antifuse is highly reliable and that
it detracts negligibly from overall product rehabihty.

References

1) E. Hamay, et al, “Dielectric Based Antifuse for Logic and
Memory ICs.” IEDM paper, p. 786-783, 1988.

2) S. Chiang, et al, “Oxide-Nitrice-Oxide Antifuse Reliability.” To
be published, Proc. Int. Rel. Phys. Symp., 1990.

3) J. Lee, i-Chen, and C. Hu, "Modeling and Characterization of
Gate Oxide Reliability,” |IEEE Trans. of Elec. Dev., Dec. 1988.
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Recommended Operating Conditions

User 1/Os Parameter Milltary Units
Device Modules Gates|84 JOCC 68 JOCC 44 JOCC 84 PGA Temperature -3510 +125 oC
Range (T¢)
1010 295 1200 N/A 57 34 57 Power Supply o
Tolerance =10 %Vee
1C20 346 2000 68 57 34 69
Power Dissipation
Absoiute Maximum Ratings
Free air temoerature range The following formula is used 10 calculate 1otal device dissipation.
Symbol Parameter Umits Units Total Chip Power (mW) = 0.51 N*F1 + 0.17 M*F2 + 162 P*F3
Vec  DC Supply Vottage' 05t +7.0 Votts Where:
v, input Vottage 05t Vee +05  Voits F1 = Average logic module switching rate in MHz.
F2 = A lock 1 i .
Vo Output vortage 05w Ves 405  Vors verage clock pin switching rate in MHz
S F3 = Average VO switching rate in MHz.
Input Ci t =20 mA
I nput Clame —umen M = Number of logic modules connected to the clock pin.
lox Output Clamp Current =20 mA N = Total number of logic modules used on the chip.
lox Contnuous Qutput Current =25 mA (inciuding M)
Tec Storage Temperature 65 to + 150 o P = Number of ourputs used loaded with 50 pF.

Stresses peyond those listed under “Absolute Maxmum Raungs™ may

The second term, variables F2 and M. may be ignored if the
CLKBUF macro is not used in the design.

cause permanecn! damage 10 the device. Exposure 10 absolule maximum

rated conditions for extended penods may affect device reliability. Device
shouid not be operaled ouiside the Recommended Operatng Conditions.

Note:
1. Vpp = Vec. except dunng device programming.

DC Characteristics
Vs = 30V =10%. -35°C<Tcg -125°C

Symbol Parameter Test Conditions Group A Limits Units
Subgroups Min, Max.
. Voe = 45V ig = 4 MA -
Vo. Output Low Vohage Tast one OUDU at a tme 1,23 04 \Y
Vag = 45V Iy = -32mMA
Vo Outout Hign Voltage Test one OUtDUt at a tme 1.2.3 37 v
V. Input Low Level 1.2.3 -03 o) -}
Ve input High Level 1.2.3 2.0 Veg + .3 v
R ~ V:: =55VVN = Vcc or GND ~ -
las Standby Supply Current Ouputs unlioaded 1.2.3 25 mA
1. inout Leakage Current Voz = 55V Vg = Voo of GND 1.2.3 -10 10 yA
iz Outout Leakage Current Voz = 5.5V, Vour = Vgg or GND 1.23 -10 10 LA
Iz Output Short Circurt Current
Vo = Voo Test one output at a tme 1.2.3 20 140 mA
Vour = GND Veg = 45V for min. imit -10 -100 mA
Vzz = 5.5V for max. hmit
Switching Characteristics
V:: = 30V = 10%; -35°C< T: < + 125 °C
- Group A Limits .
Symbol Parameter Test Conditions U
ym aram ! Subgroups Min. Max. nits
tomz Binning Circun Detay
ACT 1010 Voz = 45V 9.10. 11 120 ns
ACT 1020 Ve =3VV, =0V 186 ns
Vour = 15V
1-30
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Functional and Switching Tests

ACT 1010 and ACT 1020 devices can be tested functionally by
using a senal scan test method. Data s shifted into the SDI pin. and
the DCLK pin 1s used as aclock. The darta is used to drive the inputs
of the internal logic and /O modules, allowing a complete
functional test to be performed. The ourputs of the modules can be
read by shifting out the output response. All units are tested for
functionality over the military temperature range. Group A
subgroups 7, SA. and 8B are tested in the same manner.

AC umung for logic module internal detays and pin-to-pin delays is
determined after place and route. The ALS Timer uulity displays
actual iming parameters for circuit delays. Since these delays are
design-dependent and cannot be tested on unprogrammed devices.
Actel tests for AC performance by measunng the input-to-output
delay of a special path called the “binning circuit.”

The binning circuit consists of one input buffer + n logic modules
- oneoutput butfer(n = 16 forthe ACT 1010: n = 28 for the ACT
1020). The logic modules are distnbuted aiong two sides of the
device. These modules are coniigured as inverting and
non-inverting buffers. The moduies are connected through
programmed antifuses with typical capaciuve loading.

Actel uses a special benchmark design to corretate the binning
cireuit delay to typical and worst-case design delays. Sampies of
units are programmed to this benchmark circuit and all
programmed paths are measured for AC performance (including
the binning circuit delay). The measured delays are then compared
to the ALS Timer predictions. The binning circuit maximum delay
has been set to assure conformance to the predicted delays. Units
are sampled to confirm this correlation upon initial device
charactenzation and whenever a change is made that may affect
AC performance.

Package Thermal Characteristics

The device junction to case thermal charactenstic is 9jc, and the
juncuon to ambient air characteristic is 6ja. The thermal
charactenstics {or 8ja are shown with two different air flow rates.

Maximum junction temperature is 150°C.

A sample caiculation of the maximum power dissipation for a
ceramic PG84 package at muitary temperature is as follows:

150 (Max) ~ 125 (Max Mil.) = 25/33 C/W (PG84 - sull air) = 0.76
Watts.

Package Type Pin Caunt Bie St?lllaair 300 efti/.mm. Units
Ceramic Pin Gnd, PG34 84 8 33 20 °C
Carquad J lead. JQ44 a4 8 40 32 °C
Cerquad J Jead, JO68 68 8 38 30 °C
Cerquad J lead. JO84 84 8 36 25 °C
PACKAGE CASE LAEROW
\ —
-—

/
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JET PROPULSION LABORATORY
February 14, 1992

SUBJECT: CALCULATION OF CURRENT DENSITY FOR ACTEL 2.0um TECHNOLOGY

PURPOSE: To review the issue of current density and worst case metal step coverage according to
Mil-Std-883 and Mil-M-38510 requirements. Both of these requirements are to be evaluated at worst case
conditions. Worst case conditions will vary according to process technology and individual part
performance. Therefore a best approximation to worst case conditions is used for current density
calculations and time to failures. Step coverage is measured from SEM photographs which represent
worst case topology on a chip.

PROCEDURE:

1.0. Figure 1 is a SEM photograph and cross section which shows a metal-1 contact to silicon and the
thinning of the metal from a nominal of 0.85um to a minimum of 0.2um. This is a violation which can
lead to metal failure due to electromigration under certain conditions., The minimum contact size is
designed as 1.8x1.8um. In actuality it becomes smaller due to processing and the metal thins out at the
sidewalls.

2.0 Figure 2 is an optical photograph of a partial chip deprocessed down to silicon showing poly and
contacts. The feature to note is that the number of contacts observed on silicon varies from one to as many
as sixteen depending on the size of transistor geometry. The concern is if there is only one contact to the
drain or source of the transistor. This is worst case for current flow. The amount of current will depend
on the size of the transistor and its function in the circuit. One contact maximizes current density. Two or
more contacts will lower current density since the current will be shared.

3.0 Figure 3 is the physical model used to represent the metalization entering the contact or a via. The
concern is the thinning of the metal within the contact. This model was used to calculate the metal-1 area
as it thins within the contact. This area is represented by Al.

4.0 Figure 4 is the mathematical model used to calculate current density and the predicted time to
failure shown in hours and years. The model calculates for three cases: 1) single contact which is worst
case, 2) two contacts which reduces current density, 3) no contact in metal interconnect which is the best
case. From these three cases it is easy to compare results and reach some conclusion. This model also
shows the entered variables that were used to represent worst case process and worst case transistor
rating. This is an interactive model so any enter variable can be changed to study the effect. The
significant variable is the current value chosen to represent worst case in the transistor. ACTEL's data
book quotes 4ma minimum for output buffers. They also claim the current for the 1.2um technology is
1.0ma per contact which is what was assumed for the 2.0um. This analysis assumes dc current flow.

5.0 Figure 5 shows current density as metal-1 thickness increases. As expected the current density is
reduced as metal thickness increases. This fi gure also shows that two contacts reduce it further because of
current sharing. From a design/reliability point of view more than one contact should be used where
possible.

6.0 Figure 6 shows time to failure as metal-1 thickness increases. The step coverage is critical to
insuring maximum time to failure. Two contacts are added insurance.

7.0 Figure 7 shows the time to fail for a single contact vs metal thickness on a magnified scale. This
figure shows .01% failures in metal-1 are predicted to occur in less than 10 years operating at
temperature of 150°C.

8.0 Figure 8 shows time to fail can be increased by lowering the operating temperature.
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Conclusions: The ACTEL 2.0 um technology does not meet Mil-Std-883 metal contact step coverage
requirement of 30% for contacts less than 3um on a side using worst case SEM examination. However it
does pass the Mil-M-38510 current density requirement of 7%x10ES A/cm2 even when the metal-1 step
coverage is 23.5%. This is because the current flow allowed by design is 1ma per contact for the
1.2um technology. This 1ma per contact was also assumed for the 2.0um calculations.

Therefore based on the calculations performed a mission of § years or less has minimum risk if the
device max junction temperature will remain below 90°C. This temperature allows for current and step
coverage variations. Beyond 5 years the risk is greater that electromigration or other metal failures may
occur since there are places on the chip where only one contact is used.

Further action should investigate why additional contacts were not used when it seems there is

physical room for them. If there is a design or routing limitation then the risk will remain for lack of
redundancy. In this case only improving the metal-1 step coverage will reduce the risk.
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OPTICAL PHOTOVIEWS OF ACTEL 1020B(2um PROCESS) CHIP SEGMENT

EXPOSED CONTACTS TO POLY GATES AND Si-TRANSISTOR CELLS
(DIELECTRICS AND 2-LEVEL METAL INTERCONNECTIONS REMOVED)
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800X OPTICAL VIEW OF EXPOSED CONTACTS TO Si CELLS

74



Al (Area)

Metal Thickness
in Contact or Via.

-—

- T
Contact or

Via Opening

Figure 3
Transparent view of metallization entering via (or contact) opening
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Example

JPL Alpha-11  A1020 FPGA
03-APR-1992 17:55:56.59  Datecoda: 9128 Page:
Source file: alphal1.C:H35

Endpoint: 2000hrs

Temp: 25 Ser #: 10

1

Functional test params: Vee = 4.50V, Vih = 3.00V, Vil = 0.00v.
Functional test params: Vcc = 4,75V, Vih = 3.00V, vil = 0.00V.
Functional tast params: Vecc = 5.00V, Vih = 3.00V, Vil = 0.00V.
Functional test params: Vec = 5,25V, Vih = 3.00V, Vil = 0.00V.
Functional test params: Vece = 5.50V, Vih = 3.00V, Vil = 0.00V.

VOH Params: Ins =3.00V/0.00V, 10 =-3.200MA, Min=3.7

vce 4.5 4.75
Qo 4.2025 4.4667
a1 4.2001 4.4643
Q2 4.2001 4.4618
Q3 4.1854 4.4472
FF1 4.2025 4.4667
FF2 4.2074 4.4692
TOUT1 4.1952 4.4569
TOUTs 4.1977 4.4594
DCEO 4.1977 4.4618
DCE1 4.2001 4.4643
DCE2 4.2025 4.4667
DCE3 4.1977 4.4594
DCE4 4.2074 4.4716
DCES 4.2025 4.4667
DCEs 4,205 4.4692
DCE?7 4.2074 4.4692
DCEs 4.205 4.4692
DCES 4.2074 4.4692
DCE10 4.2074 4.4692
DCEN 4.2025 4.4643
DCE12 4.2001 4.4618
DCE13 4.2001 4.4643
DCE14 4.1977 4.4618
DCE15 4.2025 4.4643
DCE16 4.1377 4.4594
DCE17 4.1977 4.4594
DCE18 4.1977 4.4594
DCE19 4.2001 4.4843
DCE20 4.1952 4.4618
DCE21 4.1928 4.4569
DCE22 4.1952 4.4569
DCE23 4.1977 4.4594
DCE24 4.1928 4.4569
DCE2S 4.1977 4.4594
DCE26 4.2001 4.4618
DCE27 4.1952 4.4594
DCE28 4.1952 4.4594
DCE29 4.183 4.4447
DCE30 4.1928 4.4545
DCE31 4.1903 4.4521
DCE32 4.2074 4.4692
DCE33 4,205 4.4667

4.7285

4.726
4.7236
4.7065

4.726
4.7309
4.7187
4.7211
47211

4.726
4.7285
4.7236
4.7309
4.7285
4.7285
4.7309
4.7285
4.7309
4.7285

4.726
4.7236
4.7236
4.7238
4.7211
4.721
4.7236
4.7211
4.7236
4.7211
4.7187
4.7211
4.7211
4.7187
4.7211
4.721
4.7211
4.7187
4.7018
4.7162
4.7114
4.7309
4.7285

85

5.25

4.9878
4.9829
4.9829
4.9658
4.9853
4.9902

4.978
4.9804
49829
4.9853
4.9853
4.9804
4.9902
4.9853
4.9878
4.9902
4.9878
4.9902
4.9902
4.9853
4.9829
4.9829
4.9804
4.9829
4.9804
4.9804
4.9829
4.9853
4.9804

4.978
4.9804
4.9804

4.978
4.9804
4.9829
4.9804

4.978
4.9609
4.9731
4.9731
4.9902
4.9878

5.5

5.247

$.2422
5.2397
5.2226
5.244¢
5.2471

5.2373

5.2397
5.2397
5.2448
5.2446
5.2397
$.2471

5.2446
5.2471

5.2495
5.247

5.247

5.2446
$.2397
5.2397
5.2422
5.2373
5.2397
5.2397
5.2397
5.2397
5.2422
5.2397
5.2373
5.2397
5.2397
5.2373
$.2397
5.2422
$.2373
5.2348
5.2177
5.2324
5.2299
5.2495
5.2446
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DCE34 4,2074 4.4667 4.7285 4.9878 5.2446

DCE3%5 4.2074 4.4692 4.7309 4.9902 5.2471
DCE36 4.1977 4.4643 47211 4.9829 5.2397
DCE37 4.2025 4.4643 4.726 4,9853 5.2422
DCE38 4.2025 4.4667 4.726 4.9853 5,2446
DCE39 4.2074 4.4692 4.7309 4.9902 5.2495
MOUTA40 4.1952 4.4569 4.7187 4,978 5.2373
MOUTA4N 4.1928 4.4545 4.7162 4,975% 5.2348
MOUT42 4.1854 4.4472 4.7016 4.9609 5.2177
MouUT43 4.1854 4.4447 4,704 4.9584 5.2153
MOUT44 4.1805 4.,4398 4.6991 4.956 5.2104
MOUT4S 4.2025 4.4643 4.7236 4.9829 5.2422
MOUT46 4.1977 4.4594 4.7187 4978 5.2348
MouT47 4.1977 4.4594 4.7187 4.978 5.2348

VOL Params: lns=3.00V/0.00V, 10 =4.000mA, Max=400vaMin=0.0

vCcC 4.5 4.75 ) 5.25 5.5
Qo 1.15E-01 1.13E-01 1.15E-01 1.08€E-01 1.05E-01
Q1 1.13E-01 1.10E-01 1.08E-01 1.03E-01 1.03E-01
Q2 1.17€-01 1.13E-01 1.10€E-01 1.08E-01 1.05E-01
Q3 1.15E-01 1.10€-01 1.08E-01 1.08E-01 1.05€E-01
FF1 1.17€-01 1.13€-01 1.10E-01 1.08E-01 1.05E-01
FF2 1.15E-01 1.13E-01 1.10€-01 1.08€-01 1.05E-01
TOUT1 - 1.17€-01 1.13E-01 1.10E-01 1.05E-01 1.05E-01
TOUTS 1.17E-01 1.13E-01 1.10E-01 1.08E-01 1.05E-01
DCEO 1.15E-01 1.10E-01 1.08E-01 1.03E-01 1.03E-01
DCE? 1.17€-01 1.13E-01 1.10€E-01 1.08E-01 1.05E-01
DCE2 1.20E-01 1.15E-01 1.13E-01 1.08E-01 1.05E-01
DCE3 1.17E-01 1.13€-01 1.10E-01 1.08E-01 1.03E-01
DCE4 1.17€-01 1.1SE-01 1.10E-01 1.08E-01 1.05E-01
DCES 1.17E-01 1.15E-01 1.10€E-01 1.08E-01 1.05E-01
DCE®6 1.17E-01 1.13E-01 1.10€-01 1.08E-O1 1.05€-01
DCE? 1.17€-01 1.13€-01 1.10E-01 1.08E-01 1.05€E-01
DCES8 1.15€-01 1.13E-01 1.10E-01 1.05€-01 1.03€E-01
DCE9 1.17€-01 1.15€E-01 1.10€-01 1.05€-01 1.05E-01
DCE10 1.17€-01 1.15€-01 1.10€E-01 1.08E-01 1.05E-01
DCEV 1.15E-01 1.13E-01 1.10E-01 1.08E-01 1.05E-01
DCE12 1.15E-01 1.13E-01 1.10E-01 1.05E-01 1.03€E-01
DCE13 1.17€-01 1.13E-01 1.10E-01 1.08€-01 1.03€-01
DCE14 1.17E-01 1.15E-01 1.10€-01 1.08E-01 1.05€-01
DCE15 1.15E-01 1.13E-01 1.08€-01 1.08E-01 1.03E-01
DCE16 1.15E-01 1.13€-01 1.08E-01 1.0SE-O01 1.03E-01
DCEV7 1.15E-01 1.10E-01 1.08E-01 1.03E-01 1.03E-01
DCE18 1.17€-01 1.15E-01 1.10€-01 1.08E-01 1.05€-01
DCE19 1.20€-01 1.15€-01 1.13E-01 1.08E-01 1.05€E-01
DCE20 1.20€E-01 1.17E-01 1.15E-01 1.10E-01 1.08E-01
DCE21 1.17€-01 1.13E-01 1.10E-01 1.05€-01 1.05E-01
DCE22 1.17€-01 1.15E-01 1.10E-01 1.08E-01 1.05E-01
DCE23 1.17€-01 1.13E-01 1.10€-01 1.08E-01 1.03E-01
DCE24 1.17E-01 1.15€E-01 1.10€-01 1.08€-01 1.05E-01
DCE25 1.17€-01 1.15E-01 1.13E-01 1.08E-01 1.08€E-01
DCE26 1.20€-01 1.15E-01 1.13E-01 1.10€-01 1.08E-01
DCE27 1.17E-01 1.1SE-01 1.10€-01 1.08E-O1 1.05E-01
DCE28 1.17E-01 1.15€E-01 1.10E-01 1.08E-01 1.05E-01
DCE29 1.20E-01 1.15E-01 1.13E-01 1.10€-01 1.08E-01
DCE30 1.17€-01 1.13E-01 1.10€E-01 1.08E-01 1.0SE-01
DCE31 1.20€E-01 1.1SE-01 1.13€-01 1.10€-01 1.08E-01
DCE32 1.17E-01 1.13E-01 1.10€-01 1.08E-01 1.05E-01
DCE33 1.18€-01 1.13E-01 1.10€-01 1.05E-01 1.05E-01
DCE34 1.15€-01 1.13E-01 1.10E-01 1.08E-01 1.03E-01
DCE3S 1.15E-01 1.13E-01 1.08E-01 1.05E-01 1.03E-01
DCE36 1.17E-01 1.13E-01 1.10E-01 1.08€-01 1.05€-01
DCE37 1.20E-01 1.15€-01 1.13€E-01 1.08€E-01 1.0SE-O1
DCE38 1.20€-01 1.15E-01 1.10E-01 1.08E-01 1.08E-01
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DCE39

MOUT40
MOuUT41
MouT42
MOUT43
MOUT44
MOUT45
MOUT48
MOUT47

1.20E-01
1.17E-01
1.15E-01
1.15E-01
1.17€-01
1.17E-01
1.17€-01
1.17E-01
1.17E-01

1.17€-01
1.15€-01
1.13E-01
1.10€-01
1.13E-01
1.13E-01
1.15E-01
1.13€-01
1.13E-01

-18E-01
-10E-01
-10E-01
.08E-01
.10E-01
-10E-01
.10E-01
-10€-01
.08E-O1

e T S S

Isb Params: Ins =3.00V, Outs = Open, Meax = 256-3, Min =0

vcc

vece

L Parems: Vin=0.00V, Min=-1 OUA/Max = 10UA

vCccC

RESET
OE
LOAD
CLKIN
TIN
SEL1
SEL2
SEL3
SEL4
Qo
Q1
Q2
Qs

4.5

5.96E-03

4.5

0
-1.22€-10
-6.10E-11

(o}

(o}
-6.10E-11
-1.83E-10

e]
-6.10E-11
-1.83E-10

o}
-1.83E-10

0

4.75

8.44E-03

4.75

-1.22E-10
6.10E-11
-1.22E-10
(o

(o}
-1.22E-10
0

(o}
6.10€-11
-6.10€-11
o
-1.22€-10
-6.10E-11

IIH Params: Vin=VCC, Min=-10UA/Max = 10UA

vCccC

RESET
OE
LOAD
CLKIN
TIN
SEL1
SEL2
SEL3
SEL4
Qo
Q1
Q2
Q3

10ZL Params: Vin=0.00V, Min=-10UA/Max = 10UA

vCcC

DCEO
DCE1
DCE2
DCE3
DCE4
DCES
DCE6
DCE?7
DCES8
DCES
DCE10
DCE11
DCE12

4.5

2.44E-10
1.22E-10
6.10E-11
1.83E-10
6.10E-11
0
1.83E-10
1.83E-10
6.10E-11
1.22€-10
6.10E-11
1.83E-10
1.22€E-10

4.5

0
-6.10€-11
-6.10E-11

0

0

0

6.10E-11
-6.10E-11
-1.22E-10

(o}

o

6.10E-11

0

4.75

0
1.83E-10
1.22E-10
1.83E-10
1.22E-10
6.10E-11
1.22E-10

-6.10E-11
1.83E-10
6.10E-1
2.44E-10
1.83€-10
2.44E-10

4.75

0
-6.10€-11
0
-6.10E-11
1.22€-10
o
-6.10E-11
6.10E-11
0
1.22€-10
-6.10E-11
-6.10E-11
1.22E-10

1.10E-02

5

-1.83E-10
0
-1.22€-10
(o}
-1.83€-10
-1.22€-10
-6.10E-11
6.10E-11
6.10E-11
6.10E-11
-6.10E-11
-1.83E-10
6.10E-11

—_

S

1.22E-10
1.22€-10
6.10E-11
6.10E-11
6.10€-11
-6.10E-11
1.22€-10
1.83E-10
2.44E-10
1.22E-10
1.22€-10
1.22€-10
1.22E-10

5

6.10E-11
0
6.10E-11
1.22E-10
0
-6.10E-11
0
6.10E-11
6.10E-11
0
6.10E-11
0

0

87

1.10E-01
1.08E-01
1.05E-01
1.0SE-01
1.08E-01
1.08E-01
1.08E-01
1.05E-01
1.08E-01

5.25

1.33E-02

5.25

-6.10E-11

0
6.10E-11
(o}
6.10E-11
-1.22E-10
0

0
-1.22E-10
-6.10E-11
-1.83E-10
6.10E-11
-1.83E-10

5.25

1.22E-10
0
6.10E-11
1.22E-10
6.10E-11
0
1.83E-10
1.83E-10
1.22E-10
6.10E-11
1.22E-10
-6.10E-11
6.10E-11

5.25

-1.83E-10
o

0
1.22€-10
-6.10E-11
0
-6.10E-11
-6.10E-11
6.10E-11

O o000
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1.08E-01
1.05E-01
1.03E-01
1.03E-01
1.05E-01
1.05E-01
1.05E-01
1.03E-01
1.03E-01

5.5

1.48€-02

5.5

0
-6.10E-11
-6.10E-11
-1.83E-10
6.10E-11
(o]

0
-1.22E-10
1.83E-10
-6.10E-11
-1.83E-10
0
-6.10E-11

5.5

(¢}

0
1.22€-10
1.22€-10
6.10E-1
1.22€-10
1.22E-10
3.66E-10
1.83E-10
1.83E-10

0o
1.22€-10
1.22E-10

5.5

6.10E-11
-1.22€-10
-6.10E-11
-1.22€-10
-6.10E-11
o
-2.44E-10
-1.22E-10
-6.10E-11
6.10E-11
6.10E-11
-6.10E-11
-1.22E-10



DCE13 6.10€-11 -1.22€-10 -6.10E-11 -1.22E-10 [¢]

DCE14 0 0 0 -6.10E-11 o]
DCE1S 0 1.22€-10 0 0 6.10E-1
DCE16 6.10E-11 o] -6.10€-11 -6.10€-11 o}
DCE17 0o 0 -1.22€E-10 -1.22€-10 -6.10E-11
DCE18 o -1.83E-10 o -6.10€-11 -1.22€-10
DCE19 0 -1.22€-10 0 -1.22€E-10 -1.83€-10
DCE20 6.10E-11 -2.44€-10 -6.10E-11 -1.83€E-10 -6.10E-11
DCE2Y -1.83E-10 -1.22€-10 -1.83E-10 1.83E-10 6.10E-11
DCE22 6.10E-11 0 -1.83E-10 0 -1.83€-10
DCE23 -1.22€-10 -6.10E-11 -6.10E-11 6.10E-11 0
DCE24 -6.10E-11 -1.22€-10 6.10E-11 -1.22€-10 -1.22€-10
DCE2S -6.10E-11 0 -6.10E-11 0 0
DCE26 .6.10E-11 -1.83E-10 6.10E-11 -6.10E-11 1.22€E-10
DCE27 6.10E-11 0 -6.10€-11 6.10E-11 0
DCE28 0 6.10E-11 -6.10E-11 0 6.10E-11
DCE29 -6.10E-11 0 -1.22€-10 -1.83E-10 0
DCE30 -1.22E-10 -6.10E-11 -6.10E-11 1.22€E-10 0
DCEAN 1.22€-10 6.10E-11 0 0 (¢}
DCE32 6.10E-11 1.83E-10 1.83E-10 0 -1.83E-10
DCE33 -6.10€-11 1.22E-10 -6.10E-11 -3.66E-10 0
DCE34 -2.44E-10 1.22€-10 6.10€-11 6.10E-11 -1.83E-10
DCE35 o] -1.22€-10 0 -6.10E-11 -6.10E-11
DCE36 6.10E-11 -1.83E-10 1.22€-10 -1.83E-10 -1.22€-10
DCE37 0 6.10E-11 0 (¢} 0
DCE38 0 -6.10E-11 1.22€-10 -1.83E-10 -1.22E-10
DCE39 0o -6.10E-11 -2.44E-10 0 6.10E-1
MOUT40 0 -6.10E-11 o] 6.10€-11 0
MOUT41 -1.22€-10 -2.44E-10 -6.10E-11 -1.22€E-10 0
MOUT42 -1.83E-10 0 . 0 0 0
MOUT43 0 6.10E-11 0 -6.10E-11 0
MOUT44 0 -1.22€-10 6.10E-11 6.10E-11 -6.10E-11
MOUT4S -1.83€-10 0 0 1.22€-10 -2.44€-10
MOUT46 -6.10E-11 -1.22€-10 6.10E-11, -6.10€-11 o]
MOUT47 -6.10E-11 6.10E-11 6.10E-11 6.10E-11 0

|OZH Params: Vin= VCC, Min= -10UA/Max = 10UA

vce 4.5 4.7% -] 5.25 5.5
DCEO 1.22€-10 1.83E-10 3.05€-10 3.05E-10 2.44E-10
DCE1 1.83€-10 1.83E-10 1.22E-10 6.10E-11 0
DCE2 1.83E-10 0 1.22E-10 1.22E-10 1.22€-10
DCE3 2.44E-10 6.10E-11 1.22€-10 1.83E-10 1.22E-10
DCE4 -6.10E-11 1.22E-10 2.44€-10 1.22€-10 0
DCES 1.22€-10 6.10E-11 6.10€-11 1.83E-10 2.44E-10
DCE6 1.22E-10 6.10E-11 2.44E-10 0 1.22€-10
DCE7 -6.10E-11 6.10E-11 6.10E-11 3.05E-10 0
DCE8 6.10E-11 1.83E-10 6.10E-11 3.05€-10 o]
DCES 6.10E-11 6.10E-11 1.83E-10 6.10E-11 1.22€E-10
DCE10 1.83€-10 o} 6.10E-11 6.10E-11 1.22€-10
DCE1 1.22€E-10 6.10E-11 6.10E-11 6.10E-11 2.44€E-10
DCE12 0 §.10E-11 1.83E-10 6.10€-11 0
DCE13 1.83E-10 1.22E-10 2.44E-10 1.83E-10 1.22E-10
DCEV4 1.83E-10 6.10E-11 1.83E-10 6.10€-11 1.22E-10
DCE15 6.10E-11 3.05€-10 1.22€E-10 0 1.22€-10
DCE16 2.44E-10 1.83€-10 3.05€E-10 3.05E-10 -1.22€-10
DCE17 6.10€E-11 1.22€-10 1.83E-10 0 6.10E-11
DCE18 6.10E-11 6.10E-11 6.10E-11 6.10E-11 1.83E-10
DCE19 1.22€-10 1.83E-10 1.22E-10 0 6.10E-11
DCE20 1.22€-10 6.10E-11 1.83E-10 6.10E-11 1.22E-10
DCE21 0 6.10E-11 0 -1.22E-10 6.10E-11
DCE22 1.22€-10 6.10E-11 1.22€-10 6.10E-11 6.10E-11
DCE23 1.22E-10 -6.10E-11 6.10€-11 6.10E-11 0
DCE24 o -6.10E-11 (o} 6.10E-11 6.10E-11
DCE25 2.44E-10 3.05E-10 1.83E-10 0 1.22€-10

FN10 25.XLS Pa ed
88 - o



DCE26 6.10E-11 1.22€-10 6.10€-11

DCE27 6.10E-11 1.22€-10 2.44E-10
DCE28 1.22E-10 1.83E-10 1.22E-10
DCE29 1.22E-10 6.10E-11 1.22E-10
DCE30 3.05€-10 1.83E-10 -6.10E-11
DCE31 1.83€-10 1.22€-10 2.44E-10
DCE32 6.10E-11 6.10€-11 1.83E-10
DCE33 0 -6.10E-11 0
DCE34 1.22E-10 0 3.05€-10
DCE3s 6.10E-11 6.10E-11 1.22E-10
DCE3s6 2.44E-10 6.10E-11 6.10E-11
DCE37 1.83E-10 1.22E-10 -6.10E-11
DCE38 1.22E-10 1.22E-10 1.22E-10
DCE39 1.83E-10 -6.10€-11 6.10E-11
MOUT40 6.10E-11 0 1.83E-10
MOUT41 1.83E-10 2.44€-10 -1.22E-10
MOUT42 1.83E-10 0 2.44E-10
MOUT43 0 6.10E-11 6.10E-11
MOUT44 1.83E-10 0 1.22€-10
MOUT45 1.83E-10 6.10E-11 6.10E-11
MOUT46 -6.10E-11 o} 2.44E-10
MOUT47 3.05E-10 (o} 6.10E-11

10S Params:VO =0.00V, Min=-100mA/Max =-10mA

vce 45 4.75 S
Qo -2.23E-02 -2.47€-02 -2.70E-02
Q1 -2.23E-02 -2.45E-02 -2.68E-02
Q2 -2.20E-02 -2.43E-02 -2.66E-02
Q3 -2.19€-02 -2.41E-02 -2.65€-02
FF1 -2.23€E-02 -2.45E-02 -2.68E-02
FF2 -2.23E-02 -2.48E-02 -2.70E-02
TOUT1 -2.15E-02 -2.38E-02 -2.60E-02
TOUTS -2.17E-02 -2.39E-02 -2.62E-02
DCEO -2.17E-02 -2.40E-02 -2.62E-02
DCE1 -2.17€-02 -2.40E-02 -2.62E-02
DCE2 -2.19E-02 -2.41E-02 -2.65E-02
DCE3 -2.16E-02 -2.39€-02 -2.62E-02
DCE4 -2.23E-02 -2.46E-02 -2.70E-02
DCES -2.21E-02 -2.45E-02 -2.68E-02
DCE6 -2.23E-02 -2.46E-02 -2.70€E-02
DCE? -2.24E-02 -2.48E-02 -2.71E-02
DCES8 -2.23E-02 -2.46E-02 -2.70E-02
DCE9 -2.23E-02 -2.46E-02 -2.70£-02
DCE10 -2.25E-02 -2.48E-02 -2.71€-02
DCEM -2.21E-02 -2.43E-02 -2.66E-02
DCE12 -2.19E-02 -2.42E-02 -2.65E-02
DCE13 -2.20E-02 -2.43E-02 -2.66E-02
DCE14 -2.21€-02 -2.44E-02 -2.67€-02
DCE15 -2.20E-02 -2.43E-02 -2.66E-02
DCE16 -2.17E-02 -2.40E-02 -2.62E-02
DCE17 -2.16E-02 -2.39E-02 -2.62E-02
DCE18 -2.17E-02 -2.40E-02 -2.63€-02
DCE19 -2.19E-02 -2.41E-02 -2.65E-02
DCE20 -2.15E-02 -2.37E-02 -2.60E-02
DCE21 -2.16E-02 -2.38€E-02 -2.62E-02
DCE22 -2.16E-02 -2.38E-02 -2.62E-02
DCE23 -2.16E-02 -2.39E-02 -2.62E-02
DCE24 -2.16E-02 -2.38E-02 -2.61E-02
DCE2S -2.16€E-02 -2.39E-02 -2.62E-02
DCE26 -2.19E-02 -2.41E-02 -2.65€-02
DCE27 -2.18E-02 -2.41E-02 -2.64E-02
DCE28 -2.18E-02 -2.41E-02 -2.64E-02
DCE29 -2.16E-02 -2.39€-02 -2.62E-02
DCE30 -2.18E-02 -2.41€-02 -2.64E-02

89

-6.10€-11 2.44E-10
1.22E-10 1.22€-10
1.83E-10 1.22E-10
6.10E-11 1.22E-10
3.05E-10 1.22E-10
1.22E-10 6.10E-11
1.83E-10 6.10E-11
6.10E-11 [o]
1.83E-10 2.44E-10
o) 1.22E€-10
6.10E-11 [o]
-6.10E-11 6.10E-11
1.83E-10 6.10E-11
6.10E-11 o)
6.10E-11 -6.10E-11
1.22E-10 1.22€E-10
6.10E-11 1.22€E-10
6.10E-11 1.22€E-10
6.10E-11 1.83E-10
1.22E-10 6.10E-11
-6.10E-11 1.22E-10
6.10E-11 6.10E-11
5.285 5.5
-2.93E-02 -3.18E-02
-2.92E-02 -3.16E-02
-2.90E-02 -3.13E-02
-2.88E-02 -3.12E-02
-2.92E-02 -3.16E-02
-2.94E-02 -3.18E-02
-2.84E-02 -3.07E-02
-2.85E-02 -3.09€-02
-2.85SE-02 -3.09E-02
-2.85E-02 -3.09E-02
-2.88E-02 -3.12E-02
-2.85E-02 -3.09E-02
-2.93E-02 -3.18E-02
-2.91E-02 -3.15E-02
-2.93€-02 -3.17E-02
-2.95€-02 -3.20E-02
-2.94E-02 -3.18E-02
-2.94E-02 -3.18E-02
-2.95E-02 -3.20E-02
-2.90E-02 -3.14E-02
-2.89€E-02 -3.13E-02
-2.89€-02 -3.13€-02
-2.90E-02 -3.15E-02
-2.89E-02 -3.13E-02
-2.86E-02 -3.09E-02
-2.85E-02 -3.09E-02
-2.86E-02 -3.10E-02
-2.88E-02 -3.12E-02
-2.84E-02 -3.07€-02
-2.85E-02 -3.09E-02
-2.84E-02 -3.07E-02
-2.85E-02 -3.08E-02
-2.84€E-02 -3.07€E-02
-2.85E-02 -3.09E-02
-2.88€-02 -3.12E-02
-2.88E-02 -3.12E-02
-2.88E-02 -3.12€-02
-2.85E-02 -3.09E-02
-2.87E-02 -3.11E-02
FN10_25.XLS
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DCE31
DCE32
DCE33
DCE34
DCE3S
DCE36
DCE37
DCE38
DCE39
MOUT40
MOUT41
MOouUT42
MOUT43
MOUT44
MOUT45
MOUT46
MOUT47

10SP Params:VO =VCC, Min = 20mA/Max = 140mA

vcC

Qo
a1
Q2
Q3
FF1
FF2
TOUT1
TOUTS
DCEO
DCE1
DCE2
DCE3
DCE4
DCES
DCEé6
DCE7
DCES8
DCE9
DCE10
DCEM
DCE12
DCE13
DCE14
DCE1%
DCE16
DCE1?7
DCE18
DCE19
DCE20
DCE21
DCE22
DCE23
DCE24
DCE25
DCE286
DCE27
DCE28
DCE29
DCE30
DCE3N
DCE32
DCE33
DCE34
DCE35

-2.15E-02
-2.24€-02
-2.24E-02
-2.22E-02
-2.23€-02
-2.19E-02
-2.20E-02
-2.20E-02
-2.22E-02
-2.16E-02
-2.13€-02
-2.23€-02
-2.21E-02
-2.20E-02
-2.21E-02
-2.20€-02
-2.21E-02

45

5.95E-02
5.96E-02
5.99E-02
5.99€-02
5.95€-02
5.96€E-02
5.95E-02
5.91E-02
6.00E-02
6.01€-02
5.98E-02
5.95E-02
5.89E-02
5.92€-02
5.92E-02
5.91€-02
S.95E-02
5.96E-02
5.98E-02
6.02E-02
6.01E-02
5.98E-02
5.96E-02
5.96E-02
5.95€-02
5.92E-02
5.90E-02
5.91E-02
5.84E-02
5.85E-02
5.85E-02
5.86E-02
5.87E-02
5.85€-02
5.83E-02
5.84E-02
5.84E£-02
5.82€-02
5.82€-02
5.80E-02
5.94E-02
5.95E-02
5.99€-02
6.00E-02

-2.37€-02
-2.47E-02
-2.47€-02
-2.45E-02
-2.46E-02
-2.41E-02
-2.43E-02
-2.43E-02
-2.45E-02
-2.38E-02
-2.35E-02
-2.47€-02
-2.44€-02
-2.43€-02
-2.43E-02
-2.43E-02
-2.44€-02

4.75

6.43E-02
6.43E-02
6.46E-02
6.46E-02
6.43E-02
6.44E-02
6.42E-02
6.38E-02
6.49E-02
6.49€-02
6.45E-02
6.43€-02
6.37E-02
6.39€-02
6.39E-02
6.39E-02
6.43€-02
6.43E-02
6.46E-02
6.51E-02
6.49€-02
6.46E-02
6.44E-02
6.43E-02
6.43E-02
6.40E-02
6.37E-02
6.38E-02
6.30E-02
6.32€-02
6.32E-02
6.33E-02
6.34E-02
6.32E-02
6.29€-02
6.30E-02
6.30E-02
6.29E-02
6.28E-02
6.26E-02
6.41E-02
6.42E-02
6.48E-02
6.48£-02

-2.60E-02
-2.71E-02
-2.71€-02
-2.68E-02
-2.70€-02
-2.65E-02
-2.66E-02
-2.66E-02
-2.68E-02
-2.61€-02
-2.58E-02
-2.70€-02
-2.67E-02
-2.66€-02
-2.66E-02
-2.66€-02
-2.68E-02

5

6.90E-02
6.90E-02
6.93E-02
6.94E-02
6.89E-02
6.91E-02
6.88E-02
6.84E-02
6.96E-02
6.96€E-02
6.93E-02
6.90E-02
6.83E-02
6.85E-02
6.85E-02
6.85E-02
6.90E-02
6.90E-02
6.93E-02
6.98E-02
6.96E-02
6.93E-02
6.90E-02
6.90€-02
6.90E-02
6.87E-02
6.84E-02
6.84€E-02
6.76E-02
6.77E-02
6.78E-02
6.79€E-02
6.80E-02
6.78€-02
6.75€E-02
6.76E-02
6.76E-02
6.74E-02
6.73E-02
6.71E-02
6.88€-02
6.89E-02
6.95E-02
6.95E-02

90

-2.83€-02 -3.06E-02
-2.95E-02 -3.19E-02
-2.95E-02 -3.18€-02
-2.92E-02 -3.16E-02
-2.93E-02 -3.17€-02
-2.88E-02 -3.12€-02
-2.90E-02 -3.13E-02
-2.90£-02 -3.14E-02
-2.92€-02 -3.16E-02
-2.84£-02 -3.07E-02
-2.80E-02 -3.04E-02
-2.93€-02 -3.17€E-02
-2.91€-02 -3.15E-02
-2.90E-02 -3.13E-02
-2.90E-02 -3.14E-02
-2.90E-02 -3.14E-02
-2.91E-02 -3.15€-02
5.25 5.5
7.36E-02 7.81E-02
7.36E-02 7.80E-02
7.40E-02 7.85E-02
7.40E-02 7.85E-02
7.35E-02 7.80E-02
7.37E-02 7.82E-02
7.34E-02 7.78E-02
7.29E-02 7.73E-02
7.43E-02 7.88E-02
7.43E-02 7.88E-02
7.39E-02 7.85E-02
7.37€-02 7.82E-02
7.29€-02 7.73€-02
7.31€E-02 7.76€E-02
7.32E-02 7.76E-02
7.31E-02 7.76E-02
7.37€-02 7.82€-02
7.37€-02 7.82E-02
7.40E-02 7.85E-02
7.45E-02 7.90E-02
7.43E-02 7.88E-02
7.39E-02 7.85€E-02
7.37E-02 7.82E-02
7.37E-02 7.82€-02
7.35E-02 7.81E-02
7.33€-02 7.79E-02
7.30E-02 7.75E-02
7.30E-02 7.76€-02
7.20E-02 7.64E-02
7.23E-02 7.66E-02
7.23E-02 7.66E-02
7.24E-02 7.68E-02
7.25€E-02 7.69E-02
7.23€E-02 7.67€-02
7.19E-02 7.63E-02
7.21E-02 7.65E-02
7.20E-02 7.63E-02
7.19E-02 7.63E-02
7.18E-02 7.61E-02
7.15€-02 7.59€-02
7.34E-02 7.79E-02
7.35E-02 7.80E-02
7.41E-02 7.87€-02
7.41E-02 7.87€-02
FN10_25.XLS
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DCE36
DCE37
DCE38
DCE39
MOUT40
MOUT4
MOUT42
MOUTA43
MOUT44
MOUTA45
MOUT46
MOUT47

5.98E-02
5.91€-02
5.91E-02
5.88£-02
5.87E-02
5.90E-02
5.91E-02
5.92E-02
5.92€-02
5.96E-02
5.96E-02
5.96E-02

6.46E-02
6.38E-02
6.38E-02
6.35E-02
6.34E-02
6.38E-02
6.38E-02
6.39E-02
8.39E-02
6.44E-02
6.44E-02
6.44E-02

VIH Params: Max =2.0V/Min=0.8V

vCcC

RESET
OE
LOAD
CLKIN
TIN
SEL1
SEL2
SEL3
SEL4
Qo
Q1
Q2
Q3

45

.3301
.3203
3242
.3813
.3379
.3184
3125
3242
.3047
.3008
.3086
3027
.3027

d d e b b e d b b b b —d wd

4.75

1.371
1.3711
1.3652
1.4277
1.3926
1.3691
1.3633
1.377
1.355%5
1.3516
1.355%5
1.3516
1.3516

VIL Params: Max =2.0V/Min=0.8V

vce

RESET
OE
LOAD
CLKIN
TIN
SEL1
SEL2
SEL3
SEL4
Qo
Q1
Q2
Q3

45

1.291
.2344
.2676
0723
.1895
,1523
.1602
.1602
.1484
.2324
.2676
.2148
.2168

S I

4.75%

.3379
.2598
.3086
1182
.2324
.189%5
.189%
.1983
1914
.2813
.3184
.2637
.2656

T S )

6.93€E-02
6.85E-02
€.84E-02
6.82E-02
6.80E-02
6.84E-02
6.84E-02
6.85E-02
6.85E-02
6.91E-02
6.91E-02
6.91E-02

1.4199
4199
1.418
.4902
.4355
1.418
421
.4258
4043
.4023
.4043
.3984
.4004

Py

—_ -

PPN e

5

.3848
.3086
.3574
.1582
.2813
.2383
.2324
2422
.2461
3281
.3633
.3105
1.3145

- d b b b o b wd b kb b

DEVICE PASSED ALL TESTS

91

7.40E-02 7.85E-02
7.30E-02 7.76E-02
7.30E-02 7.76E-02
7.27€-02 7.72€E-02
7.25E-02 7.69E-02
7.29€-02 7.73E-02
7.30E-02 7.74E-02
7.31E-02 7.76E-02
7.31E-02 7.75€-02
7.38E-02 7.83E-02
7.37€-02 7.83E-02
7.38E-02 7.83E-02
5.25 5.5
1.4688 1.56215
1.4688 1.4961
1.4844 1.498
1.5547 1.6172
1.4805 1.5352
1.4648 1.5098
1.459 1.5078
1.4707 1.5137
1.4551 1.502
1.4492 1.4961
1.4512 1.498
1.4453 1.4902
1.4512 1.4941
5.25 5.5
1.4316 1.4766
1.353% 1.4004
1.4043 1.4492
1.2012 1.2422
1.3281 1.375
1.2852 1.332
1.2754 1.3164
1.291 1.334
1.2969 1.3457
1.375 1.4199
1.4102 1.457
1.3574 1.4023
1.3594 1.4043
FN10_25.XLS
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JPL Alpha-11  A1020 FPGA Temp: 25 Ser #: 10
03-APR-1992 11:57:25.21 Datecode: 9129 Page: 1
Source file: alphat1.C:H35

Endpoint: 2000hrs

Tpzl Params: Ins =3.00V/0.00V

vCC 4.5 4.75 5 5.25 5.5 LIMIT @ 5V only
DCEO 7.05E-08 6.88E-08 6.54E-08 6.32E-08 6.15E-08 1.5E-07
DCE1 7.17€-08 6.95E-08 6.63E-08 6.46E-08 6.27E-08 1.5E-07
DCE2 6.92E-08 6.72E-08 6.39E-08 6.19E-08 6.01E-08 1.5€-07
DCE3 7.03E-08 6.68E-08 6.45E-08 6.26E-08 6.09E-08 1.5E-07
DCE4 6.82E-08 6.49E-08 6.27€-08 6.05E-08 5.89E-08 1.5E-07
DCES 6.77E-08 6.59E-08 6.28E-08 6.05E-08 5.87E-08 1.5E-07
DCE6 6.78E-08 6.53E-08 6.23E-08 6.04E-08 5.86E-08 1.5€-07
DCE? 6.77E-08 6.44E-08 6.21E-08 6.01E-08 5.84E-08 1.5E-07
DCES8 6.71E-08 6.58E-08 6.27€-08 5.97E-08 5.86E-08 1.5E-07
DCE9 6.67E-08 6.50E-08 6.23E-08 5.97E-08 5.82E-08 1.5E-07
DCE10 6.66E-08 6.47E-08 6.13E-08 5.93E-08 5.77€-08 1.5E-07
DCE11 6.68E-08 6.38E-08 6.16E-08 5.96E-08 5.79E-08 1.5E-07
DCE12 6.70E-08 6.40E-08 6.16E-08 5.98E-08 5.81E-08 1.5E-07
DCE13 6.67E-08 6.49E-08 6.17E-08 5.96E-08 5.79E-08 1.5E-07
DCE14 6.69E-08 6.48E-08 6.17E-08 5.96E-08 5.80E-08 1.5E-07
DCE15 6.69E-08 6.38E-08 6.16E-08 5.95E-08 5.79E-08 1.5E-07
DCE16 4.95E-08 4.84E-08 4.69E-08 4 55E-08 4.47€-08 1.5E-07
DCE17 5.07E-08 4.99E-08 4.80E-08 4.73E-08 4.63E-08 1.5E-07
DCE18 5.44E-08 5.36E-08 5.17E-08 5.08E-08 5.00E-08 1.5E-07
DCE19 5.58E-08 5.44E-08 5.32E-08 5.22E-08 5.13E-08 1.5E-07
DCE20 5.97E-08 5.80E-08 5.67E-08 5.55E-08 5.46E-08 1.5E-07
DCE21 5.98E-08 5.89E-08 5.70E-08 5.58E-08 5.48E-08 1.5€-07
DCEe22 5.98E-08 5.89E-08 5.70E-08 5.58E-08 5.47E-08 1.5E-07
DCE23 5.97E-08 5.81E-08 5.67E-08 5.56E-08 5.47E-08 1.5E-07
DCE24 5.64E-08 5.46E-08 5.18E-08 4.94E-08 4.75E-08 1.5E-07
DCE25 5.57E-08 5.38E-08 5.14E-08 4 90E-08 4.69E-08 1.5E-07
DCE26 5.59E-08 5.39E-08 5.08E-08 4.87E-08 4.70E-08 1.5E-07
DCE27 5.59E-08 5.30E-08 5.06E-08 4.86E-08 4.70E-08 1.5E-07
DCE28 5.61E-08 5.33E-08 5.09E-08 4.88E-08 4.71t-08 1.5E-07
DCE29 5.55E-08 5.28E-08 5.03E-08 4.85E-08 4.68E-08 1.5E-07
DCE30 5.61E-08 5.33E-08 5.09€E-08 4.89E-08 4.72E-08 1.5E-07
DCE31 5.56E-08 5.29E-08 5.05€-08 4.84E-08 4.67E-08 1.5E-07
DCE32 6.29E-08 6.21E-08 6.03E-08 5.90E-08 5.80E-08 1.5E-07
DCE33 6.26E-08 6.16E-08 5.94E-08 5.84E-08 5.74E-08 1.5E-07
DCE34 6.54E-08 6.43E-08 6.24E-08 6.13E-08 6.05E-08 1.5€-07
DCE35 5.98E-08 5.82E-08 5.69E-08 5.59E-08 5.49E-08 1.5E-07
DCE36 6.18E-08 6.01E-08 5.88E-08 5.78E-08 5.70E-08 1.5E-07
DCE37 5.82E-08 5.64E-08 5.53E-08 5.43E-08 5.34E-08 1.5E-07
DCE38 6.04E-08 5.86E-08 5.74E-08 5.64E-08 5.53E-08 1.5E-07
DCE39 6.62E-08 6.45E-08 6.32E-08 6.20€-08 6.10E-08 1.5E-07
MOUT40 8.63E-08 8.49E-08 8.04E-08 7.79E-08 7.55E-08 1.5E-07
MOUT41 8.66E-08 8.49E-08 8.04E-08 7.79E-08 7.55E-08 1.5E-07
MOUT42 8.83E-08 8.62E-08 8.18E-08 7.93E-08 7.72E-08 1.5E-07
MOUT43 8.23E-08 8.11E-08 7.67E-08 7.44E-08 7.25E-08 1.5E-07
MQOUTA44 8.14E-08 7.89E-08 7.46E-08 7.23E-08 7.03E-08 1.5E-07
MOUT45 7.89E-08 7.72E-08 7.26E-08 7.04E-08 6.85E-08 1.5E-07
MOUT46 7.67E-08 7.49E-08 7.06E-08 6.84E-08 6.65E-08 1.5€-07
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MOUT47

Tpzh Params:
VvCC
DCEO
DCE1
DCE2
DCE3
DCE4
DCES
DCE6
DCE?
DCE8
DCE9
DCE10
DCE11
DCE12
DCE13
DCE14
DCE15
DCE16
DCE17
DCE18
DCE19
DCE20
DCE21
DCE22
DCE23
DCE24
DCE25
DCE26
DCE27
DCE28
DCE29
DCE30
DCE31
DCE32
DCE33
DCE34
DCE35
DCE36
DCE37
DCE38
DCE39
MOUT40
MOUTA41
MOUT42
MOUT43
MOUT44
MOUT45
MOUT46
MOUT4?7

7.82E-08

7.64E-08

Ins =3.00V/0.00V

4.5
8.02E-08
8.24E-08
8.01E-08
8.12E-08
7.90€E-08
7.89E-08
7.89E-08
7.87E-08
7.63E-08
7.79E-08
7.75E-08
7.79E-08
7.82E-08
7.79E-08
7.81E-08
7.81E-08
5.89E-08
6.09E-08
6.42E-08
6.62E-08
7.11E-08
7.08E-08
7.12E-08
7.11€E-08
6.61E-08
6.73E-08
6.75E-08
6.74E-08
6.73E-08
6.71E-08
6.75E-08
6.75E-08
7.21E-08
7.30E-08
8.13E-08
7.06E-08
7.26E-08
6.88E-08
7.11€-08
7.71E-08
8.90E-08
8.95E-08
8.85E-08
8.49E-08
8.30E-08
8.18E-08
7.93E-08
8.16E-08

4.75
7.48€-08
7.67€-08
7.63E-08
7.67E-08
7.46E-08
7.50E-08
7.47€E-08
7.47E-08
7.34E-08
7.38E-08
7.36€-08
7.39E-08
7.43E-08
7.40E-08
7.41E-08
7.41€-08
5.67E-08
5.84E-08
6.26€E-08
6.39E-08
6.86E-08
6.84E-08
6.86E-08
6.86E-08
6.27E-08
6.34E-08
6.37E-08
6.37E-08
6.37E-08
6.34E-08
6.37E-08
6.37E-08
7.03E-08

7.05E-08

7.78E-08
6.42E-08
7.03E-08
6.64E-08
6.87E-08
7.44E-08
8.42E-08
8.46E-08
8.50E-08
8.08E-08
7.87E-08
7.71E-08
7.49€-08
7.63E-08

7.19€-08

5
7.02E-08
7.20E-08
7.02E-08
7.11E-08
6.88E-08
6.88E-08
6.88E-08
6.88E-08
6.73E-08
6.85E-08
6.85E-08
6.88€E-08
6.88E-08
6.88E-08
6.88E-08
6.88E-08
5.07E-08
5.20E-08
5.71E-08
5.74E-08
6.62E-08
6.34E-08
6.62E-08
6.41E-08
5.67E-08
5.64E-08
5.69E-08
5.68E-08
5.69€-08
5.63E-08
5.67E-08
5.68E-08
6.57E-08
6.62E-08
7.38E-08
6.15E-08
6.81E-08
6.14E-08
6.32E-08
6.88E-08
8.11E-08
8.13E-08
8.20€-08
7.77E-08
7.56E-08
7.38E-08
7.19€E-08
7.31E-08

93

6.96E-08

5.25
6.64E-08
6.88E-08
6.71E-08
6.77E-08
6.54E-08
6.55E-08
6.54E-08
6.54E-08
6.41E-08
6.42E-08
6.42E-08
6.42E-08
6.51E-08
6.42E-08
6.42E-08
6.42E-08
4.87E-08
5.01E-08
5.46E-08
5.58E-08
5.97E-08
5.97E-08
5.97E-08
5.97E-08
5.31E-08
5.32E-08
5.34E-08
5.32€-08
5.34E-08
5.29E-08
5.34E-08
5.32€-08
6.28E-08
6.31E-08
6.98E-08
5.96E-08
6.30E-08
5.86E-08
5.97E-08
6.68E-08
7.86€E-08
7.87E-08
7.94E-08
7.52E-08
7.31E-08
7.13E-08
6.93E-08
7.06E-08

6.77€-08

5.5
6.41E-08
6.62E-08
6.42E-08
6.54E-08
6.31E-08
6.31E-08
6.28E-08
6.31E-08
6.23E-08
6.23E-08
6.21E-08
6.25E-08
6.25E-08
6.22E-08
6.25E-08
6.24E-08
4.74E-08
4 84E-08
5.30E-08
5.41E-08
5.84E-08
5.82E-08
5.86E-08
5.85E-08
5.07E-08
5.07E-08
5.09E-08
5.08E-08
5.07€E-08
5.05E-08
5.09E-08
5.07E-08
6.12E-08
6.13E-08
6.78E-08
5.80E-08
6.10E-08
5.69E-08
5.86E-08
6.49E-08
7.64E-08
7.65E-08
7.73E-08
7.32E-08
7.11E-08
6.92E-08
6.72E-08
6.86E-08

.5E-07

LIMIT

.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.BE-07
.5E-07
.5E-07
.5E-07
.BE-07
.5E-07
.BE-07
.5E-07
.B5E-07
.5E-07
.5E-07
.5E-07
.BE-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.BE-07
.BE-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.B5E-07
.5E-07
.BE-07
.5E-07
.5E-07

.BE-07
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Tpiz Params: Ins = 3.00V/0.00V

vcc
DCEO
DCE1
DCE2
DCE3
DCE4
DCESB
DCE6
DCE7
DCES8
DCE9
DCE10
DCE11
DCE12
DCE13
DCE14
DCE15
DCE16
DCE17
DCE18
DCE19
DCE20
DCE21
DCE22
DCE23
DCE24
DCE25
DCE26
DCE27
DCE28
DCE29
DCE30
DCE31
DCE32
DCE33
DCE34
DCE35
DCE36
DCE37
DCE38
DCE39
MOUT40
MOUT41
MOUT42
MOUT43
MOUT44
MOUT45
MOUT46
MOUT47

4.5
7.57€-08
7.07E-08
7.10€E-08
7.39€-08
7.41E-08
7.33E-08
7.41E-08
7.39E-08
7.08E-08
7.19&-08
7.16E-08
7.17€-08
7.11E-08
7.08E-08
7.13E-08
7.13E-08
7.17€E-08
7.00E-08
7.35E-08
7.68E-08
8.05E-08
8.02E-08
8.06E-08
8.13E-08
6.01E-08
5.99E-08
6.02E-08
5.70E-08
5.95E-08
5.95E-08
5.97E-08
5.91E-08
9.00E-08
9.00E-08
1.02E-07
8.72E-08
8.54E-08
8.49€-08
7.84E-08
8.95E-08
9.54E-08
9.58E-08
9.58E-08
9.00E-08
9.13E-08
8.60E-08
8.78E-08
8.563E-08

4.75
6.97E-08
6.91E-08
6.92E-08
6.80€-08
6.82E-08
6.82E-08
7.34E-08
7.29E-08
6.64E-08
7.04E-08
7.03E-08
7.04E-08
7.01E-08
6.99E-08
7.04E-08
6.97E-08
7.09E-08
6.93E-08
7.25E-08
7.59€-08
7.97€-08
7.95E-08
7.97€E-08
8.03E-08
5.93E-08
5.86E-08
5.90E-08
5.82E-08
5.83E-08
5.82E-08
5.88E-08
5.83E-08
8.93E-08
8.93E-08
1.01E-07
8.64E-08
8.45E-08
8.42E-08
7.76E-08
8.86E-08
9.44E-08
9.49E-08
9.48E-08
8.91E-08
9.04E-08
8.51E-08
8.69E-08
8.37€E-08

5
6.91E-08
6.84€E-08
6.85E-08
6.72E-08
6.72E-08
6.63E-08
7.23E-08
7.18E-08
6.84E-08
6.96E-08
6.95E-08
6.96E-08
6.93E-08
6.55E-08
6.92E-08
6.88E-08
6.65E-08
6.86E-08
7.08E-08
7.50E-08
7.88E-08
7.86E-08
7.83E-08
7.95E-08
5.80E-08
5.78E-08
5.82E-08
5.74E-08
5.74€E-08
5.74€E-08
5.74E-08
5.70€-08
8.80E-08
8.84E-08
9.89E-08
8.56E-08
8.29E-08
8.34E-08
7.67E-08
8.76E-08
9.26E-08
9.38E-08
9.36E-08
8.83E-08
8.95E-08
8.36E-08
8.61E-08
8.28E-08

94

5.25
6.83E-08
6.75E-08
6.78E-08
6.66E-08
6.64E-08
6.55E-08
7.13E-08
6.66E-08
6.37E-08
6.88E-08
6.87E-08
6.88E-08
6.79E-08
6.50E-08
6.84E-08
6.81E-08
6.89E-08
6.32E-08
6.94E-08
7.37€-08
7.76€E-08
7.21E-08
7.76E-08
7.84E-08
5.74E-08
5.70E-08
5.75E-08
5.68E-08
5.67€-08
5.67€-08
5.69E-08
5.11E-08
8.72E-08
8.71E-08
9.84E-08
8.43E-08
8.22E-08
8.27E-08
7.52€E-08
8.02E-08
8.83E-08
9.23E-08
8.77E-08
8.69E-08
8.37E-08
7.86E-08
8.52E-08
8.18E-08

5.5
6.78E-08
6.68E-08
6.72E-08
6.59E-08
6.60E-08
6.48E-08
7.02E-08
6.99E-08
6.29E-08
6.82E-08
6.82E-08
6.83E-08
6.73E-08
6.42E-08
6.77€-08
6.75E-08
6.84E-08
6.21£-08
6.88E-08
7.32E-08
7.69€E-08
7.13E-08
7.68E-08
7.76E-08
5.68E-08
5.08E-08
5.64E-08
4.96E-08
5.09E-08
5.60E-08
5.62E-08
5.05E-08
8.65E-08
8.64E-08
9.75E-08
8.37€-08
8.14E-08
8.15E-08
7.45E-08
8.53E-08
9.06E-08
9.15E-08
8.66E-08
8.61€-08
8.30E-08
8.18E-08
7.89E-08
8.11E-08

LIMIT

.5E-07
.5E-07
.BE-07
.BE-07
.5E-07
.5E-07
.BE-07
.5E-07
.BE-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.BE-07
.BE-07
.5E-07
.5E-07
.5E-07
.BE-07
.BE-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.BE-07
.5E-07
.BE-07
.5E-07
.BE-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
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Tphz Params: Ins = 3.00V/0.00V

vcC
DCEO
DCE1
DCE2
DCE3
DCE4
DCES
DCE6
DCE?7
DCES8
DCE9
DCE10
DCEN
DCE12
DCE13
DCE14
DCE15
DCE16
DCE17
DCE18
DCE19
DCE20
DCE21
DCE22
DCE23
DCE24
DCE25
DCE26
DCE27
DCE28
DCE29
DCE30
DCE31
DCE32
DCE33
DCE34
DCE35
DCE36
DCE37
DCE38
DCE39
MOUT40
MOUTA
MOUT42
MOQuUT43
MOUT44
MOUT45
MOUT46
MOUT47

4.5
6.90€-08
6.88E-08
6.88E-08
6.74E-08
6.75E-08
6.75E-08
6.77€-08
6.75E-08
6.54E-08
6.53E-08
6.49€-08
6.48E-08
6.48E-08
6.48E-08
6.49€E-08
6.53E-08
6.52E-08
6.43E-08
7.11E-08
7.00E-08
7.43E-08
7.42E-08
7.44E-08
7.43E-08
5.26E-08
5.26E-08
5.27E-08
5.27€-08
5.27E-08
5.24E-08
5.28E-08
5.25E-08
8.45E-08
8.43E-08
8.85E-08
8.01E-08
7.85E-08
7.84E-08
7.73E-08
8.43E-08
8.92E-08
8.93E-08
9.07€-08
8.45E-08
8.69E-08
8.07€-08
8.33E-08
8.07€-08

4.75
6.77€-08
6.74E-08
6.74E-08
6.63E-08
6.63E-08
6.62E-08
6.63E-08
6.63E-08
6.41E-08
6.37E-08
6.36E-08
6.35E-08
6.35E-08
6.35E-08
6.35E-08
6.37€-08
6.41E-08
6.32E-08
6.96E-08
6.88E-08
7.28E-08
7.28E-08
7.30E-08
7.30E-08
5.13E-08
5.11E-08
5.16E-08
5.16E-08
5.14E-08
5.11E-08
5.16E-08
5.11E-08
8.31E-08
8.29€-08
8.78E-08
7.90€E-08
7.73€-08
7.73€-08
7.58E-08
8.27E-08
8.77€-08
8.77€-08
8.91E-08
8.31E-08
8.55€-08
7.91€-08
8.20E-08
7.93E-08

DEVICE PASSED ALL TESTS

5
6.66E-08
6.63E-08
6.63E-08
6.53E-08
6.51E-08
6.51€-08
6.51E-08
6.49E-08
6.31E-08
6.26E-08
6.25E-08
6.25E-08
6.25E-08
6.25E-08
6.25E-08
6.27€-08
6.30E-08
6.18E-08
6.86E-08
6.75E-08
7.16E-08
7.16€-08
7.17€-08
7.17€-08
5.03E-08
5.00E-08
5.05E-08
5.05E-08
5.02E-08
4.99E-08
5.04E-08
4.98€-08
8.18E-08
8.15E-08
8.64E-08
7.75E-08
7.59E-08
7.60€E-08
7.43E-08
8.12E-08
8.62E-08
8.63E-08
8.77€-08
8.18E-08
8.42E-08
7.78E-08
8.05€-08
7.80€E-08

95

5.25
6.58E-08
6.53E-08
6.53E-08
6.42E-08
6.41E-08
6.39E-08
6.40E-08
6.37€-08
6.20E-08
6.16E-08
6.14E-08
6.12E-08
6.14E-08
6.13E-08
6.14E-08
6.15E-08
6.20E-08
6.07€-08
6.74€-08
6.64E-08
7.05€E-08
7.04E-08
7.06€-08
7.06E-08
4.92E-08
4.89E-08
4.95E-08
4.93E-08
4.90E-08
4.89E-08
4.93E-08
4.88E-08
8.05E-08
8.02E-08
8.39E-08
7.65€E-08
7.51E-08
7.51€-08
7.33€-08
8.01E-08
8.51E-08
8.50E-08
8.62E-08
8.07€-08
8.28E-08
7.67€-08
7.93E-08
7.68E-08

5.5
6.47€E-08
6.43E-08
6.44E-08
6.33E-08
6.32E-08
6.28€-08
6.32E-08
6.30E-08
6.10E-08
6.06E-08
6.04E-08
6.04€E-08
6.04E-08
6.04E-08
6.05E-08
6.05€-08
6.11E-08
6.00E-08
6.67E-08
6.57E-08
6.93E-08
6.95€-08
6.95E-08
6.95E-08
4.81E-08
4.79€-08
4,84E-08
4.84E-08
4.83E-08
4.79E-08
4.84E-08
4.80E-08
7.95E-08
7.94E-08
8.25E-08
7.58E-08
7.38€-08
7.41E-08
7.23€E-08
7.90€-08
8.39€-08
8.40€-08
8.52E-08
7.95E-08
8.18E-08
7.57€-08
7.83€-08
7.57€-08

-

LIMIT
.5E-07
.5E-07
.BE-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.BE-07
.5E-07
.5E-07
.BE-07
.BE-07
.BE-07
.5E-07
.5E-07
.BE-07
.5E-07
.5E-07
.BE-07
.BE-07
.5E-07
.5E-07
.BE-07
.5E-07
.5E-07
.BE-07
.BE-07
.BE-07
.5E-07
.BE-07
.5E-07
.BE-07
.5E-07
.5E-07
.5E-07
.BE-07
.BE-07
.BE-07
.5E-07
.BE-07
.BE-07
.5E-07
.BE-07
1.5E-07
1.5E-07

-J-J_J—I-I—l—l-‘—l—l—l-l—l-‘—l_ﬂ-l-ﬂ-‘-‘-.

-J—J-J_l-l—l-ﬂd—l—l-l-l—l—.

—IJ—I-J-D-J-J-J—D-J

ZSN1 0__25.XLS Page 4



JPL Alpha-11  A1020 FPGA Temp: 25 Ser #: 10

03-APR-1992 10:12:56.90 Datecode: 9129 Page:

Source file: alphal11.C:H35
End point: 2000 hrs

Tplh_clk Params: Ins =3.00V/0.00V

vCC 45 4.75 5
Qo 2.73E-08 *  2.59E-08 2.50E-08
Q1 2.80E-08 * 2.67E-08 * 2.55E-08
Q2 4.95E-08 4.82E-08 4.71E-08
Q3 6.32E-08 6.15E-08 6.01E-08
FF1 2.32€-08 2.23€-08 2.16E-08
FF2 2.85E-08 * 2.74E-08 * 2.64E-08 *
TOUT1 4. 59E-08 4.43E-08 4.31E-08
TOUTS 8.66E-08 8.37E-08 8.12€-08
DCEO 8.20E-08 7.89E-08 7.64E-08
DCE1 7.64E-08 7.49E-08 7.38E-08
DCE2 7.21E-08 6.96E-08 6.73E-08
DCE3 7.87E-08 7.70E-08 7.56E-08
DCE4 8.50E-08 8.22E-08 7.95E-08
DCES 7.56E-08 7.42E-08 7.32E-08
DCE6 7.55E-08 7.42E-08 7.31E-08
DCE? 8.90E-08 * 8.58E-08 8.30E-08
DCES8 5.67E-08 5.48E-08 5.34E-08
DCE9 5.57E-08 5.39E-08 5.24E-08
DCE10 5.58E-08 5.40E-08 5.25E-08
DCE11 5.62E-08 5.44E-08 5.30E-08
DCE12 5.45E-08 5.27E-08 5.11E-08
DCE13 5.79E-08 5.58€-08 5.41E-08
DCE14 5.63E-08 5.44E-08 5.30E-08
DCE15 6.18E-08 ~ 5.97E-08 5.81E-08
DCE16 6.04E-08 5.81E-08 5.61E-08
DCE17 6.11E-08 5.88E-08 5.69E-08
DCE18 5.95E-08 5.77E-08 5.61E-08
DCE19 6.23E-08 6.01E-08 5.81E-08
DCE20 6.38E-08 6.11E-08 5.89E-08
DCE21 6.03E-08 5.81E-08 5.62E-08
DCE22 6.12E-08 5.92E-08 5.76€E-08
DCE23 6.43E-08 6.22E-08 6.02E-08
DCE24 5.88E-08 * 5.65E-08 5.44E-08
DCE25 5.36E-08 5.16E-08 4.97E-08
DCE26 5.77E-08 * 5.53E-08 5.34E-08
DCE27 5.32E-08 5.10E-08 4.92E-08
DCE28 5.85E-08 * §5.61E-08* 5.41E-08
DCE29 5.30E-08 5.08E-08 4.91E-08
DCE30 5.58E-08 * 5.34E-08 5.16E-08
DCE31 5.61E-08 5.39€-08 5.21E-08
DCE32 7.01E-08 6.79E-08 6.59E-08
DCE33 6.79E-08 6.52E-08 6.30E-08
DCE34 7.56E-08 * 7.31E-08 * 7.06E-08 *
DCE35 6.83E-08 6.55E-08 6.32E-08
DCE36 7.05E-08 6.79E-08 6.57E-08
DCE37 6.48E-08 *  6.19E-08 5.96E-08
DCE38 6.29E-08 6.05E-08 5.85E-08

96

1

5.25
2.41E-08
2.47€E-08
4.62E-08
5.90E-08
2.08E-08
2.56E-08
4.21E-08
7.90E-08
7.43E-08
7.29€E-08
6.55E-08
7.43E-08
7.73E-08
7.24E-08
7.23E-08
8.08E-08
5.21€E-08
5.11E-08
5.13€-08
5.17e-08
4.98E-08
5.27E-08
5.16E-08
5.66E-08
5.44E-08
5.52E-08
5.49E-08
5.64E-08
5.71E-08
5.47E-08
5.62E-08
5.88E-08
5.27€E-08
4.82E-08
5.17E-08
4.77E-08
5.23E-08
4.75E-08
4.98E-08
5.05E-08
6.44E-08
6.09€-08
6.85E-08
6.12E-08
6.38E-08
5.76E-08
5.68E-08

5.5
2.34E-08
2.39E-08
4.54E-08
5.81E-08
2.03E-08
2.48E-08
4.12E-08
7.71€E-08
7.26E-08
7.20E-08
6.40E-08
7.31E-08
7.55E-08
7.16E-08
7.16E-08
7.89E-08
5.09E-08
5.00&-08
5.01E-08
5.07E-08
4.86E-08
5.15E-08
5.05E-08
5.563E-08
5.31E-08
5.39E-08
5.39E-08
5.50E-08
5.56E-08
5.34E-08
5.51E-08
5.75E-08
5.11E-08
4.70E-08
5.02E-08
4.64E-08
5.08E-08
4.63E-08
4.83E-08
4.91E-08
6.30E-08
5.92E-08
6.66E-08
5.94E-08
6.22€-08
5.59E-08
5.54E-08

LIMIT VALID
@ 5V only
2.68E-08
2.66E-08
5.27E-08
6.94E-08
2.36E-08
2.37E-08
5.45E-08
1.07E-07
8.66E-08
8.73E-08
8.65E-08
8.67E-08
8.60E-08
8.67E-08
8.68E-08
8.64E-08
6.24E-08
6.07E-08
6.01E-08
6.13E-08
5.97E-08
6.10E-08
6.26E-08
6.36E-08
6.44E-08
6.57E-08
6.41E-08
6.29E-08
6.41E-08
6.45E-08
6.51E-08
6.74E-08
5.70E-08
5.57€-08
5.63E-08
5.60E-08
5.50E-08
5.58E-08
5.56E-08
6.16E-08
7.54E-08
6.86E-08
7.02E-08
6.91E-08
7.27E-08
6.30E-08
6.31E-08
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DCE39 6.51E-08 6.21E-08 5.98E-08 5.77E-08 5.61E-08 6.60E-08

MOUT40 8.02E-08 7.71E-08 7.45E-08 7.22E-08 7.06€-08 8.40E-08
MOUT41 8.68E-08 8.41E-08 8.19E-08 7.99E-08 7.83E-08 9.10E-08
MOUT42 8.72E-08 8.42E-08 8.16E-08 7.94€-08 7.75E-08 9.67€-08
MOUT43 9.22E-08 8.93E-08 8.69€-08 8.47E-08 8.30E-08 1.00E-07
MOUT44 8.86E-08 8.62E-08 8.42E-08 8.24E-08 8.10E-08 9.85E-08
MOUT45 8.56E-08 8.32E-08 8.13E-08 7.96E-08 7.82E-08 9.22€E-08
MOUTA46 7.85E-08 7.60E-08 7.39E-08 7.20E-08 7.05E-08 8.92E-08
MOUT47 8.68E-08 8.43E-08 8.18E-08 7.99E-08 7.83E-08 9.00E-08

Tph!_clk Params: Ins =3.00V/0.00V

vCC 4.5 4.75 5 5.25 5.5 LIMIT
Qo 2.53E-08 2.46E-08 2.39E-08 2.33E-08 2.29E-08 2.68E-08
an 2.49E-08 2.40E-08 2.34E-08 2.27€E-08 2.23€-08 2.66E-08
Q2 4.89€-08 4.80E-08 4.71E-08 4.65t-08 4.57E-08 5.27E-08
Q3 6.28E-08 6.18E-08 6.09E-08 6.02E-08 5.94E-08 6.94E-08
FF1 2.23E-08 2.16E-08 2.10E-08 2.05€-08 2.02E-08 2.36E-08
FF2 2.71E-08 * 2.62E-08 * 2.54E-08 * 2.46E-08 * 2.39E-08 * 2.37E-08
TOUT1 5.15E-08 5.06E-08 4.97E-08 4.91E-08 4.86E-08 5.45E-08
TOUTS 4.79E-08 4.71€-08 4.65E-08 4.59E-08 4.54E-08 1.07E-07
DCEO 8.66E-08 8.38E-08 8.14E-08 7.92E-08 7.73E-08 8.66E-08
DCE1 6.59€-08 6.39€-08 6.25E-08 6.12E-08 6.01E-08 8.73E-08
DCE2 7.76E-08 7.60E-08 7.47€E-08 7.36E-08 7.26E-08 8.65E-08
DCE3 7.89E-08 7.74E-08 7.61E-08 7.50E-08 7.40E-08 8.67E-08
DCE4 8.34E-08 8.05E-08 7.78E-08 7.57E-08 7.38E-08 8.60E-08
DCES 6.40E-08 6.23E-08 6.09E-08 5.94E-08 5.82E-08 8.67E-08
DCE6 6.59E-08 6.35E-08 6.15E-08 5.96E-08 5.81E-08 8.68E-08
DCE7 6.54E-08 6.31E-08 6.10E-08 5.92E-08 5.77E-08 8.64E-08
DCES 5.60E-08 5.44E-08 5.30E-08 5.19E-08 5.08€E-08 6.24E-08
DCE9 5.61E-08 5.44E-08 5.31E-08 5.19E-08 5.08E-08 6.07E-08
DCE10 5.33E-08 5.18E-08 5.05E-08 4.93E-08 4.83E-08 6.01E-08
DCE11 5.74E-08 5.58E-08 5.44E-08 5.32€-08 5.21E-08 6.13E-08
DCE12 5.51E-08 5.35E-08 5.21E-08 5.10E-08 4.99E-08 5.97E-08
DCE13 5.72E-08 5.56E-08 5.42E-08 5.30E-08 5.20E-08 6.10E-08
DCE14 5.42E-08 5.26E-08 5.13E-08 5.01E-08 4.90E-08 6.26E-08
DCE15 6.05E-08 5.86E-08 5.72E-08 5.59E-08 5.48E-08 6.36E-08
DCE16 6.05E-08 5.83E-08 5.65E-08 5.49E-08 5.36E-08 6.44E-08
DCE17 6.29E-08 6.06E-08 5.87E-08 5.71E-08 5.57E-08 6.57E-08
DCE18 5.95E-08 5.72E-08 5.55E-08 5.39E-08 5.25E-08 6.41E-08
DCE19 6.02E-08 5.84E-08 5.72E-08 5.60E-08 5.49E-08 6.29E-08
DCE20 6.27E-08 6.06E-08 5.88E-08 5.75E-08 5.63E-08 6.41E-08
DCE21 6.18E-08 5.94E-08 5.78E-08 5.66E-08 5.56E-08 6.45E-08
DCE22 6.36€E-08 6.16E-08 6.01E-08 5.86E-08 5.73E-08 6.51E-08
DCE23 6.31E-08 6.10E-08 5.90E-08 5.75E-08 5.61E-08 6.74E-08
DCE24 5.48E-08 5.29E-08 5.12E-08 4 .96E-08 4.83E-08 5.70€-08
DCE25 5.30E-08 5.11E-08 4.93E-08 4.79E-08 4.66E-08 5.57E-08
DCE26 5.22E-08 5.10E-08 4.97E-08 4.87€-08 4 78E-08 5.63E-08
DCE27 5.52E-08 5.31€-08 5.16€-08 5.02E-08 4.89E-08 5.60E-08
DCE28 5.59E-08 * 5.42E-08 5.28E-08 5.16E-08 5.05€-08 5.50E-08
DCE29 5.61£-08 * 5.42E-08 5.25E-08 5.12E-08 4.98E-08 5.58E-08
DCE30 5.53E-08 5.35E-08 5.17E-08 5.03E-08 4.90€-08 5.56E-08
DCE31 5.85E-08 5.65E-08 5.48E-08 5.34E-08 5.21E-08 6.16E-08
DCE32 7.58E-08 * 7.32E-08 7.08E-08 6.87E-08 6.70E-08 7.54E-08
DCE33 6.36E-08 6.17E-08 6.02E-08 5.88E-08 5.76E-08 6.86E-08
DCE34 7.57€-08 * 7.31E-08 * 7.08E-08 *  6.88E-08 6.78E-08 7.02E-08

ASN10_25.XLS Page 2
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DCE35
DCE36
DCE37
DCE38
DCE39
MOUT40
MOUT41
MOUT42
MOUT43
MOUT44
MOUT45
MOUT46
MOUT47

6.53E-08
7.23E-08
6.12E-08
6.42E-08
6.26E-08
7.74E-08
8.57€-08
8.83E-08
8.91E-08
9.01E-08
8.73E-08
7.77E-08
7.81E-08

6.35E-08
6.97E-08
5.92E-08
6.17E-08
6.07E-08
7.49E-08
8.28E-08
8.63E-08
8.63E-08
8.71E-08
8.44E-08
7.48E-08
7.56E-08

Tin Params: Ins =3.00V/0.00V

vCC
TOUT
TOUTS

4.5
2.80E-08
6.71E-08

4.75
2.69E-08
6.46E-08

Comb_test Params: Ins =3.00V/0.00V

vCC
SEL1
SEL2
SEL3
SEL4
RESET

4.5
8.28E-08
3.08E-08
3.42E-08
4.75E-08
1.17€-07

4.75
8.01E-08
2.95E-08
3.27E-08
4.58E-08
1.13€-07

Set_up Params: Ins =3.00V/0.00V

VvCC
Qo
a1

Q2
Q3
LOAD

4.5
1.49€-08
1.84€-08
1.31E-08
1.73E-08
1.80E-08

475
1.47E-08
1.82E-08
1.31E-08
1.69E-08
1.72E-08

Hold Params: Ins =3.00V/0.00V

vCC
Qo
a1

Q2
Qa3
LOAD

4.5

-2.46E-08
-1.70E-08
-2.19¢E-08
-1.41€E-08

4.75
-1.80E-08
-2.43E-08
-1.67E-08
-2.16E-08
-1.33E-08

Puise width Params: Ins =3.00V/0.00V

vCC
CLKIN

4.5
1.84E-08

4.75
1.83E-08

Puise width Params: Ins =3.00V/0.00V

VCC
RESET

4.5

2.96E-08

4.75
2.91E-08

6.18E-08
6.83E-08
5.78E-08
5.94E-08
5.89E-08
7.28E-08
8.02€-08
8.47E-08
8.39E-08
8.48E-08
8.17€E-08
7.26E-08
7.33E-08

5
2.61E-08
6.25E-08

5
7.78E-08
2.84E-08
3.17E-08
4.43E-08

-1.10E-07

5
1.44E-08
1.77E-08
1.29€-08
1.66E-08
1.66E-08

5
-1.77E-08
-2.43E-08
-1.65E-08
-2.14E-08
-1.28E-08

5

1.81E-08

5
2.85E-08

6.02E-08
6.70E-08
5.65E-08
5.75E-08
5.75E-08
7.09E-08
7.76E-08
8.33E-08
8.18E-08
8.26E-08
7.93E-08
7.07E-08
7.14E-08

5.25
2.54€-08
6.07E-08

5.25
7.60E-08
2.75E-08
3.06E-08
4.30E-08
1.08E-07

5.25
1.42E-08
1.75E-08
1.27E-08
1.64E-08
1.60E-08

5.25
-1.77e-08
-2.41E-08
-1.65E-08
-2.11E-08
-1.23E-08

5.25

1.80E-08

5.25
2.81E-08

DEVICE FAILED 4 TEST(S) @ 5V

98

5.88E-08
6.59E-08
5.53E-08
5.62E-08
5.62E-08
6.92E-08
7.56E-08
8.20E-08
8.01E-08
8.09E-08
7.74€-08
6.89E-08
6.98E-08

5.5
2.48E-08
5.90E-08

5.5
7.42E-08
2.68E-08
2.97€-08
4.20E-08
1.06E-07

5.6
1.40E-08
1.73E-08
1.25E-08
1.62E-08
1.56E-08

5.5
-1.77E-08
-2.41E-08
-1.63E-08
-2.09€-08
-1.19E-08

5.5

1.80E-08

5.5
2.77E-08

ASN10_25.XLS

6.91E-08
7.27€E-08
6.30E-08
6.31E-08
6.60E-08
8.40E-08
9.10E-08
9.67E-08
1.00E-07
9.85E-08
9.22E-08
8.92E-08
9.00E-08

LIMIT
3.15E-08
8.76E-08

LIMIT
0.00000015
0.00000015
0.00000015
0.00000015
0.00000015

LIMIT
-20/+50 E-9
-20/+ 50 E-9
-20/+50 E-9
-20/+50 E-9
-20/+50 E-9

LIMIT
-40e-9/0
-40e-9/0
-40e-9/0
-40e-9/0
-40e-9/0

LIMIT
0.00000005

LIMIT
0.00000005
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SECTION 2.6
Life Test Results






‘ JPL/HUGHES AIRCRAFT DATA SUMMARY
ACTEL 1020 FPGA 2000 hours LIFE TEST RESULTS

| r'

| PARAMETRIC RESULTS

| ]

1 1 | |

[TEMP: -65°C T0 125°C

[vCC: 4,50V T0 5.50V

| |

| VOH J VoL ISB liL liH 1021 10ZH 108 10SP VIH ViL
Unit #1 [control [control  |control jcontrol control _[control  |control  |control  [control |control (control
Unit #2 pass pass Tpass pass pass pass pass pass pass pass .pass
Unit #3 pass pass pass pass pass pass pass pass pass pass pass
Unit #44 pass pass pass pass pass pass pass pass pass pass pass
Unit #5 pass pass pass pass pass pass pass pass pass pass pass
Unit #8 pass pass pass pass pass pass pass pass pass pass pass
Unit #7 pass pass pass pass pass pass pass pass pass pass pass
Unit #7 pass pass pass pass pass pass pass pass pass pass pass
Unit #8 pass pass pass pass pass pass pass pass pass pass pass
Unit #3 pass pass pass pass pass pass pass pass pass pass pass
Unit #10  pass pass pass pass pass pass pass pass pass pass pass
Unit #11 pass pass pass pass pass pass pass pass pass pass pass
Max Limit | 5.50V 400mv | 25ma 10ua 10ua 10ua 10ua -100ma | 140ma | 2.00v 2.00v
Max Value |5.2617v | 129.6mv 0.305na | 7.9na 0.85na | 8.3na -19.5ma | 87.62ma | 1.65v 1.4922v
Min Limit | 3.7v 0.00v -10ua -10ua -10ua -10ua -10ma 20ma 0.800v | 0.800v
Min Value | 4.154v | 92.96mv | Oma 07na_ /-02na  -1.0na | -1.0na  |-335ma |55.3ma | 1.2617v | 1.041v

ALL UNITS PASSED TEMPERATURE AND VOLTAGE RANGE
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SECTION 2.7
Anomalous Behavior of Device Inputs

PREGEDING PAGE BLANK NOT FILMEL






The junns Hooxins L niveryey

Appited Phvsics Laboratorv
Laurel. Marviand 207236099

S2F-92-0101
March 30, 1992
TO: W. S. Devereux (HADR9BFXSOR)

FROM: R. C. Moore
SUBJECT: Anomalous Behavior of Actel 1020 FPGA Inputs

During checkout of the first EGTT engineering and GSE models
we have discovered what appears to be a potential applications
problem with logic inputs of the Actel A1020 2000-gate field-
programmable gate array (FPGA). The problem involves inputs that
behave briefly as outputs during power turn-on. This memorandum
documents our findings to date, indicates certain applications that
may be vuinerable to the effects of this problem, and indicates the
steps I recommend to avoid those effects.

During power-on, the +5V logic supply rail of a flight electronics
system typically rises from OV to +5V in 50 ms or less. Because the
regulator output is current-limited during this transition, the rise is
more or less linear, with a slope in the range from 0.1 V/ms to 5
V/ms. The Actel 1020 FPGA has a universal pad driver design that
may be configured as an input, output, three-state output, or bi-
directional input/output. This configuration of the pad driver is ac-
complished by programming “anti-fuses” in the pad driver circuitry.
Unfortunately, as the +5V logic supply rail passes through the region
from approximately 2.2V through 2.5V, pad drivers that have been
programmed as inputs may behave temporarily as outputs that are
in the logic-H state. These input pins therefore will temporarily
source current (approximately 8-10 mA, if not otherwise limited)
into whatever driver is connected to them. They will be sourcing this
current from the +5V logic rail, which at this time is at 2.2-2.5 volts.

The duration of this input anomaly is a function of the power rail
rise time. For +5V rails that come up quickly, at 5 V/ms, the duration
of the problem will be only ~60 pus. For supply rails that rise slowly,
at 0.1 V/ms, the duration of the problem will be 3 ms. In the former
case, the Actel 1020 input can deliver as much as 0.6 uC to the circuit
that drives it; in the latter case, the charge is as much as 30 uC. For
many driver circuits, this amount of charge is insignificant; however,
for others it can be quite upsetting.
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Anomalous Behavior of Actel 1020 FPGA Inputs  S2F-92-0101 Page 2

+5V
1N5711 1 MQ —I—
POR| ACTEL

1020

|o.1 uF
GROUND

Figure 1: Typical POR Circuit for CMOS FPGA

Consider, for example, the typical power-on reset (POR) drcuit of
Figure 1. A capacitor is charged through a resistance to the +5V logic
supply rail, using a time constant that is larger than the supply rail
rise time, so that the input to the Actel 1020 is briefly at logic L during
power-on, then remains at logic H until power-off. A diode across
the resistor is used to discharge the POR capacitor at power-off.
Using the 0.1 uF capacitance shown in Figure 1, 10 mA of unexpected
current out of the Actel 1020 input will result in a voltage rise rate on
the capaditor of Av/At =i/C =0.1 V/us. If the logic supply rail takes
at least 25 us to pass through the range from 2.2V to 2.5V, the Actel
input anomaly will charge the POR capacitor to almost 2.5V during
power-on. This is enough to place _POR at a logic H for the rest of
the power supply rail rise time, thereby defeating the intent of the
circuit designer. Clearly, in this case at least, this is an unadvertised
“feature” of the Actel 1020 input that is definitely not desirable!

This problem has an easy solution: insert a series resistance in the
Actel input line of sufficient size to limit the effect of the anomaly to a
safe value. In the case of the POR dircuit, the series resistance must
be chosen so as to keep Av < 1V (to guarantee that POR remains at a
logic L following the anomaly, when the logic supply rail is at ~2.5V).
For a power rail rise rate of 0.1 V/ms, for example, the anomaly
duration will be about 3 ms. This means that, for a POR capacitance
of 0.1 uF, the current out of the Actel 1020 input must be limited to i =
C Av/At =0.1 uF -1V /3 ms =33 pwA. This can be achieved using a
resistance of 2.24 V /33 pA = 68 kQ.
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Ancmalous Behavior of Actel 1020 FPGA Inputs S2F-92-0101 Page 3
+5V
1N5711 1 MQ i
POR| ACTEL

1020

0.1 uF ——68kQ

GROUND

Figure 2: POR Circuit with Current-limiting Resistor

supply current, typically as much as 5060 mA above normal. This
rise in supply current should pose no great problem for the typical
+35V regulator, but be sure you de-couple the Actel 1020 locally.

driven by multiple three-state output drivers), [ strongly recommend
that the bus driver(s) be three-stated during POR. This could save

Robert C. Moore
EGTT Baseband Design
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SECTION 2.8
Radiation Data Dose Rate
(See Subsection 3.1)
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SECTION 3.0
Actel 1280 (1.2 pm)
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SECTION 3.1
Radiation Data Dose Rate (ACT I&II)
(Magnavox)
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FPGA REPORT

MAGNAVOX ELECTRONIC SYSTEMS REPORT
DOSE RATE TEST

PRODUCT: CMOS FIELD PROGRAMMABLE GATE ARRAY
MANUFACTURING BY: MATSUSHITA
DEVICE: A1020 2 MICRON & A1280 1.2 MICRON

EVALUATED BY: MAGNAVOX ELECTRONICS SYSTEMS
COMPANY

REF: DOSE RATE TEST REPORT FOR THE ACTEL 1 & 11
ASIC's, MARCH 1992
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1. ABSTRACT

Actel Corporation's ACT I (A1020) and ACT II (A1280) CMOS ASICs were dose
rate tested at the Rockwell Autonetics Radiation Lab in Anaheim, CA on February 21,
1992. Five ACT I and two ACT II devices were checked for dose rate induced upset (U)
latchup (LU) and burnout (BO). Each sample was programmed so that 95% of its gates
were utilized in a series of combinatonal logic so that no matter where in the series an upset
occurred it could be observed on an output.

The ACT I devices were of the same variety: Actel part number A1020, Magnavox
part number 6BI3 and LDC 9132. The ACT II devices (A1280, LDC ES9143) were
programmed slightly different from each other: Magnavox part number F6D2 was
programmed with 6 outputs; SDE7 with 3.

None of the parts exhibited latchup or burnout through =3 x 109 rad(Si)/s (17 ns
FWHM). However, 3 forms of upset observed in these devices: Ul) An output voltage
transient of greater than or equal to 1 V (somewhat arbitrary threshold, many circuits can
tolerate more); U2) A lost or shortened output pulse; and U3) the output railed either HIGH
or LOW and required a manual RESET to resume normal operation.

The ACT I exhibited a highest no Ul threshold of 1.14 x 108 rad(Si)/s
(0.50/90%), 8.71 x 107 (0.99/90%); a highest no U2 threshold of 1.82 x 108 rad(Si)/s
(0.50/90%), 5.19 x 107 (0.99/90%); and a highest no U3 threshold of
2.53 x 108 rad(Si)/s (0.50/90%), 1.87 x 107 (0.99/90%).

The low sample size of ACT II devices precludes any meaningful statistical
manipulations. The one sample of F6D2 demonstrated a highest no Ul of
8.34 x 107 rad(Si)/s and a_highest no U2 of 2.65«x 108 rad(Si)/s. U3 was not
observed in the F6D2. The one sample of SDE7 showed a highest no Ul of
8.52 x 107 rad(Si)/s and a highest no U2 and U3 of 3.43 x 108 rad(Si)/s.

116



2. RADIATION FACILITIES AND DOSIMETRY

2.1 Source

Dose rate testing was performed at the Rockwell International Autonetics Division's
Feberon 705 Flash X-Ray facility located in Anaheim, California. The Febetron 705
73 MeV FXR Machine, made by Hewlett Packard, was used to simulate transient
ionization effects which produce photocurrents in semiconductors. The parts can be tested

for upset threshold, latchup threshold, or survivability with varying radiation levels of the
FXR pulse.

The FXR can be used to simulate electron beam energy or bremsstrahlung
conversion into x-ray. The machine uses a bank of capacitors charged in parallel and
discharged in series by means of spark gap switches. An electron beam is generated by
discharging through a field-emission cathode vacuum tube. A magnetic coil around the
discharge tube produces a magnetic field which focuses the electron beam. The anode

material determines the mode of operaton.

This test used the Febetron in the x-ray mode. In this mode, a tantalum plate is
used 1o convert the electron beam energy into bremsstrahlung x-radiadon. A maximum
dose of 1 krad(Si) can be achieved. For the electron beam mode, the tantalum plate is
removed and a beam collimator is attached. The maximum dose which can be obtained is
1 Mrad(Si). In both cases the radiation is delivered in a nominal 15 ns (FWHM). The

Febetron 705 Flash X-Ray Machine and operating parameters are shown in
Figure 2.1.1-1.

The dose rate can be adjusted by varying the distance between the object to be
exposed and the FXR face plate. This is plotted in Figure 2.1.1-2 for both the electron
beam and the x-ray modes. In the x-ray mode, the dose is a function of 1/d (d being the
distance). Isodose contours are depicted in Figure 2.1.1-3. The exposure area also
changes with distance; in the electron beam mode it ranges from 1/ " diameter at the face
plate to a 12" diameter at 100 inches away (dose rate equal to 3 x 10° rad(Si)/s).
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Flash X-Ray Parameters

Maximum Charging Voltage 35kV
Maximum Electron Energy 2.3 MeV
Average Electron Energy 1.4 MeV

Total Beam Energy per Pulse 400 J
Maximum Pulse Repetition Rate 2 pulses/min
Pulse Width 15 ns (FWHM)
Electron Beam Mode

Maximum dose 1 Mrad(Si)

Dose Rate Range (1" to 100™)
Peak Electron Energy Fluence/Pulse

3x 107 10 1 x 10° rad(Siys
approx. 25 cal/cm?

Flash X-Ray (Bremsstrahlung) Mode (Tantalum Target)

Maximum dose
Dose Rate (1" from face plate)
Mean Photon Energy

1 krad(Si) (touching face plate, narrow beam)
3 x 10° rd(Si)/s
approx. 700 keV

Figure 2.1.1-1 Febetron 705 Flash X-Ray Machine
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Figure 2.1.1-2 Flash X-Ray Dose Rate Variation with Distance
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The device under test (DUT) and support circuitry (loads, line drivers, etc.) are
housed in an RF shielded enclosure. Support circuitry is further shielded by lead and
aluminum laminations to minimize false signals. In support of FXR radiation testing, real
time monitoring of the DUT is accomplished using the Digital Signal Analysis System
which consists of nineteen transient waveform digitizers. These include Tektronix 7912AD
and RTD710, and LeCroy 8828C and 6880A.

2.1.2 Dosimetry

Active dosimetry for measuring dose rate is provided at the Flash X-Ray source.
Calibrated radiation detector diodes provide pulse waveforms that appear on a digitizer
screen. Other dosimetry such as TLD and Calcium Fluoride capsule is also available as an
option. The calibration of all sources are directly traceable to the National Institute of
Standards and Technology.
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4. TEST RESULTS

The ACT I (B613) and ACT II (F6D2 and 5DE?7) test results are summarized in
Tables 4.1-1, 4.1-2 and 4.1-3. Raw test data is presented in Appenc}ix A-1 (B6I3), A-2
(F6D2) and A-3 (SDE7) in order of increasing sample number and increasing radiation

level.
Table 4.1-1. ACT I Dose Rate Test Results.
Dosc Rate Upset Type
@ 15ns FWHM Transient Lost/Shortened Rail
Sample # {rad(Si)/s] Shot # 1 ] V] 2 3 { Mamual Reser Latchup Bumout Commemnt
ACT I, B613 Actel A1020 CMOS ASIC (LDC = 9132, Sample Size = 5)
1 6.26E+07 50 no 04 DO no no oo no
8.63E+07 51 no 0.7 no oo no no no
1.28E+08 52 no 0.8 no Do oo no no
1.30E+08 1 no 0.8 oo DO no no no
3.90E+08 2 - - - YES YES no no
2 S.89E+(7 49 no 0.60 Do no no no no
8.14E+07 48 no 0.70 no oo no no no
1.2SE+08 47 no 0.80 no no no no no
1.99E+08 13 YES 1.60 no oo no no no
2B1E+08 14 YES 2.00 no o no no no
3.27E+08 16 - - YES no no no no pulse shoriened
4.06E+08 15 - - - YES YES no oo
2.80E+9 18 - - - YES YES no no
285E+(9 17 - - - YES YES no no
3 S.79E+07 44 no 0.40 o o Do no no
8.90E+07 45 no 0.60 o no no no no
1.23E+08 46 no 0.80 Do Do Do no no
241E+08 26 YES 1.60 Do Do Do no no
274E+08 25 - - YES oo oo no no pulse shortened
3. 79E+08 20 - - YES no no no no pulse lost
4.55E+08 21 - - YES no oo no no pulse shortened
5.73E+08 22 - - YES 0o no no no pulse lost
9.29E+08 23 Not Likely - Maybe Do no no no upset maskedt
1.01E+9 24 - - - YES YES no no
2.78E+9 19 . - - YES YES no no
4 =0 28 no - o 0o no no no noisc shot
=0 29 no - Do no no no no noise shot
9.73E+07 32 no 0.00 no oo no no oo
1.23E+08 31 no _ 0.90 no Do no no no
1.99E+08 30 YES 1.60 no no oo oo no
244E+08 27 YES 1.80 oo no no oo oo
278E+08 34 - - YES no no no no pulsc shorzped
3.82E+08 33 - - - YES YES oo no ’
250E+09 35 Not Likely - Maybe Not Likely no no no upset maskedt
5 S.61E+07 43 oo 0.30 no no no no no
8.26E+07 42 no 0.70 no no no no no
1.10E+08 41 no 0.80 Do no no no no
1.23E+08 40 YES 1.40 no 0o no no no
271E+08 39 YES 1.90 no Do no no no
3.07E+08 38 - - YES oo no no no pulse shortened
3.65E+08 37 - - - YES YES no no
280E+09 36 - - - YES YES no no

t Dose rate occurred on H to L transision and may have masked the upsct

Upset | (U1) is a ourput voltage wansicnt of greater than or equalto 1 V.

Upset 2(U2) is a lost or shortened output pulse

Upset 3 (U3) is where the output raiicd cither HIGH or LOW and a mamual RESET was foqUICd Lo 1THWNC UpP<T AL
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Table 4.1-2.

ACT II Dose Rate Test Results.

Dose Rate Upset Type
@ 15ns FWHM Transient Lost/Shortened Rail
Sampic # [rad(Si)s] Shot # 1 ™ 2 3 |Mamal Reset| Lawchup | Bumout Comment
ACT 11, F6D2 6 output Actel A1280 CMOS ASIC (LDC = ES9143, Sample Size = 1)

1 5.80E+07 5s no 0.60 no no no no no
3.34E+07 54 no 0.80 no no no no no
1.26E+08 3 YES 1.20 no no no no no
1.26E+08 s3 YES 1.10 no no no no no
2.06E+08 S YES 1.80 no no no no no
260E+08 57 YES 2.00 Do no no no no
267E+08 58 YES 2.20 no no no no no
3.90E+08 4 - - YES no no no no pulse shortened
2.60E+09 6 - - YES no no no no pulsc lost

ACT 1. 5DE7 3 output Actel A1280 CMOS ASIC (LDC = ES9143, Sample Size = 1)

s 6.09E+07 61 no 0.80 no Do no no no
8.52E+07 60 no 0.80 no no no no no
1.25E+08 59 YES 1.00 0o Do no no no
2.09E+08 9 YES 1.80 no oo no no no
2 84E+08 10 YES 2.40 no no no no no
3.43E+08 11 YES 2.80 Do no no no no
3.91E+08 8 - - - YES YES no no
4.00E+08 12 - - - YES YES no no
2.71E+09 7 - - YES no no no no pulse shartened

Upset 1 (U1) is a output vollage wansient of greater than or equal 1o 1Vv.
Upset 2 (U2) is a lost or shortened output pulse

Upset 3 (U3) is where the ourput railed either HIGH or LOW and a manual RESET was required to resumne operanon.

Table 4.1-3.

ACT I and ACT O Dose Rate Test Results Summary.

Data summary for ail ACT | and ACT Il devices
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Highest Lowest Highest Lowest Highest Lowest
Device Type Pan # Sample # No Ul Ul No U2 uz2 No U3 9]
ACTI B6I3 1 - - 130E+08 3.90E+08 - -
2 1.25SE+08 | 1.99E+08 2.81E+08 327TE+08 3.27E+08 4. 06E+08
3 1.23E+08 241E+08 241E+08 2.74E+08 9.29E+08 1.01E+09%
4 1.23E+08 1.99E+08 2 44E+08 2.78E+08 2.78E+08 3.82E+08
5 1.10E+08 | 123E+08 2.71E+08 3.07E+08 3.07TE+08 3.65E+08
ACT U Fé6D2 1 8.34E+07 | 126E+08 2.65E+08 390E+08 - -
SDE7 1 8.52E+07 | 1.25E+08 343E+08 2.71E+09 3.43E+08 3.91E+08
Log normal statistical manipulation of ACT 1 results
LN(No U | IN(No U2)| LNMNo U3)
ACT 1 Bel3 i - 1.87E+01 -
2 1.86E+01 1.95E+01 1.96E+01
3 1.86E+01 193E+01 206E+01
4 1.86E+01 | 1.93E+01 1.94E+01
S 1.8SE+01 | 1.94E+01 1.95E+01
Mean| 1.86E+01 | 1.92E+01 1.98E+01
Std Devl 5.908-02 | 3.1SE-01 S.64ED1
k(4)=0.819; k(5)=0.686 050/90%] 1.86E+01 | 1.90E+01 1.93E+01
K(4)=5.437: k(5)=4.666  099/90%| 1.83E+01 | 1.78E+01 1.67E+01
exp(0.50/90%)| L14E+08 L82E+08 1.53E.08
cxp(0.99/90%)| 8.71E+07 | 5.19E+07 LS7E+07
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1.0 INTRODUCTION

This document reports results for gamma-rate response testing of a
specific configuration of ACTEL 1280 Gate Arrays in a Flash X-ray

(FXR) environment.

The parts were tested using the TRW Febetron FXR machine. The FWHM
pulse width was 22 nanoseconds.

The primary objective was to test for burnout at the highest
available levels while noting if any latchup had occurred. a
secondary objective was to collect upset data.

2.0 TEST SAMPLES

The test samples were identified as ACTEL Al1280 PG176 E3, lot date
code 9143. Four samples were irradiated. These were identified as
SN 1, SN 2, SN 3 and SN 4.

The arrays were configured with two different paths for data flow as
shown in Figure 1. These paths were essentially constructed as
rings of 32-bit shift register blocks sharing a reset circuit (note
reset flip-flop). While separate clock lines were available, the
input pins were wired together for these tests. Path 1 whose
outputs have been labeled A and B had seventeen shift register
blocks. Path 2 (outputs A’ and B’) had eight register blocks. Note
that the 32-bit register block in the two paths were built
differently. Additional details can be obtained from the TRW
Components Engineering Department.

3.0 TEST DESCRIPTION
The test system configuration is shown in Figure 2.

All tests were conducted at la* ..at_ry ambient temperature with

VCC = 5.0V. Both static and dynamic exposures were obtained. When
a clock was used, the period was approximately 7 milliseconds with a
Clock pulse level of 4 volts and a width of 2 milliseconds.

The VCC line was stiffened with 200 ufd of capacitance located
approximately eight inches from the DUT card and shielded with lead.
Additionally, two 4.7 ufd ceramic capacitors were connected between
the VCC pin and the DUT card ground plane.

A CT-2 AC current probe was used to obtain transient current
photographs. When the DUT peak photo currents were recorded, the
CT-2 was moved from its normal location (as shown in Figure 2) to
the DUT side of the 4.7 ufd capacitors. However, for the actual
burnout and latchup tests, the CT-2 was on the supply side of the
4.7 ufd capacitors in order to provide maximum stiffening.
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Line drivers located approximately twelve inches from the DUT and
shielded with lead were used to monitor the output responses.

The tests were connected both with and without an RF type cassette
enclosing the DUT card and line drivers.
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4.0 TEST RESULTS

4.1 Upset Testing

Three types of "upset" were noted. These were:
a) transient output disturbance only

b) shortened output pulse (logic level transition
coincided with the radiation pulse but with no
additional data errors)

c) data errors evident after the pulse and reset
therefore required

4.1.1 Transients and Shortened Pulses

The lowest gamma dose level capable of causing an output disturbance
of approximately 1.3 volts but without the outputs transitioning was
approximately 11 rads (SE8 rads/second).

With very little additional dose the outputs would transition
coincident with the radiation, resulting in a single shortened pulse
followed by the normal data stream. Figure 3 provides photographs
for SN 1, Path 1 at 12 rads (5.5E8 rads/second).

4.1.2 Permanent Data Errors

All four parts were tested for this upset mode on Path 1. Only SN 3
and SN 4 were tested for this mode on Path 2.

Note that this upset mode may be expected to disappear at higher
test levels since the on-chip reset flip-flop could generate 1its own
reset. Thus, an apparent upset nwindow" could occur. This indeed
was observed as the levels were increased and the need for a reset

disappeared.

Table 1 provides key test levels that did or did not result in the
need for a reset. There is some overlap in the levels and this
could be related to a combination of dosimetry accuracy, DUT state
sensitivity (e.g. clock high or clock low), and the presence of the
on-chip reset circuitry. Nevertheless, the data are taken to
indicate a threshold of 20-25 rads or approximately 1E9 rads/second.

Table 2 provides the data for path 2. The threshold is apparently
the same.

Figure 4 provides oscilloscope traces taken during and immediately
after a 25 rad shot of SN 3. In this case, both paths had multiple
data errors that lasted until a reset was applied.

Figure 5 provides oscilloscope traces taken during and immediately
after a 30 rad shot of SN 3. In this case, Path 2 showed no lasting
errors, but Path 1 was completely "shut down" or was circulating all
zeroes. This result was observed several times. 1In all cases, the
condition was cleared when the reset was applied.
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TABLE 1 - UPSET DATA, PATH 1 PERMANENT DATA ERRORS

H056.12.TCL.92-048

Page 8

SN No Reset Needed at (Rads) Reset Needed at (Rads) Notes
1 12, 17, 20, 22, 28 21, 32, 43, 45
2 18, 25, 26 34, 35
3 15, 18, 19, 25, 31, 32 25, 30, 33, 34, 41, 43
4 15, 16, 21, 22, 23, 24, 32, 34, 36

25, 30, 35, 39, 40

TABLE 2 - UPSET DATA, PATH 2 PERMANENT DATA ERRORS

SN No Reset Needed at (Rads) Reset Needed at (Rads) Notes
3 15, 19, 25, 30, 31, 33, 25, 44

37, 38
4 15, 16, 21, 25, 30, 34, 22, 23, 25

36, 40, 42
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4.2 Latchup/Burnout Testing

All four parts were exposed to a sequence of high level irradiations
to check for latchup or burnout.

The supply voltage was 5.0V and no current limiting resistors were
used.

All parts were tested to levels above 1E11 rads/second. Based upon
the transient supply current waveforms, the pre- and post-exposure
recordings of steady state current, and the photographs of the
output waveforms, no latchup was observed. ©No obvious burnout
damage occurred in that the parts were still functioning.

It should be noted that the high level pulses were observed to
increase the values of the supply current for all four samples. The
pre- and post-exposure values for ICC are given in Tables 3 and 4,
along with the exposure levels. After each radiation pulse for
which an increase in supply current was induced, it was noted that
the level was slowly but continuously decreasing. In fact,
approximately three weeks after SN 1 and SN 2 were exposed, their
supply currents had decreased from 17mA and 59mA to 4.5mA and 20mA.
Over the period of a weekend, SN 3 and SN 4 currents decreased from
7mA and 3mA to 3.6mA and 2.6mA. It may be that the observed
increases are due to dose accumulation as opposed to photocurrent

induced stressing.

Figure 6 provides supply current response photographs for SN 3 at
300, 1600 and 1950 rads or 1.4E10, 7.3E10 and 8.9E10 rads/second.
The peak current was 9A at 300 rads and 15A at 1950 rads. The
corresponding pulse widths were 150 nanoseconds and 350 nanoseconds.
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TABLE 3 - LATCHUP/BURNOUT TEST LEVELS FOR SN 1 AND SN 2

ICC (mA)
Test Level
SN Test Rads (S1i) Pre Post Notes (1)
1 1 803 0.9 1.1
1 2 2355 1.0 1.0
1 3 3355 2.1 5.4
1 4 1866 3.1 7.0
1 5 2026 9.4 8.0
1 6 2900 8 17 (2)
2 7 533 0.0 0.0
2 8 2400 0.0 3.0
2 9 3236 0.1 6.0
2 10 2170 3.0 16 (3)
2 11 920 14 26 (4)
2 12 1673 29 59
NOTES:

1. For tests 1-5, 7-9 and 12 the dose readings are the
average of two dosimeters located at the center of
the DUT package 1lid.

3]

For test 6, the value is the average of five
dosimeters located at the corners and center of the
package lid. The readings ranged from 2000-4000
rads.

3. The dose value is the average of two readings from
opposite corners of the package 1id. Readings were
2947 and 1396.

4. The dose value is the average of two readings from

opposite corners of the package 1id. Readings were
1130 and 707.
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TABLE 4 - LATCHUP/BURNOUT TEST LEVELS FOR SN 3 AND SN 4

ICC (mA)

Test Level
SN Test Rads (S1i) Pre Post Remarks
3 13 575 0.3 0.4
3 14 1026 0.3 0.4
3 15 314 0.4 0.4
3 16 602 0.4 0.6
3 17 1617 0.5 1.0
3 18 1963 0.7 1.7 2413/1513
3 195 2795 1.7 3.2 2700/2890
3 20 1187 3.1 3.9 1269/1125
4 21 742 0.3 0.3
4 22 750 0.3 0.4
4 23 750 0.4 0.5
4 24 750 0.6 0.7
4 25 750 0.7 1.2
4 26 750 1.2 1.7
4 27 1382 1.0 1.7
3 28 2922 3.6 7.0 2865/2980
4 29 2818 1.2 3.0 2875/2762
4 30 1075 2.6 3.6
4 31 1836 3.1 4.0 1684/1988
Notes:

1. For shots 18-20, 28, 29 and 31,
average for two dosimeter readings near the center of
the device package 1lid.
given under Remarks.

the level is the

Individual readings are

2. Shots 22-26 were made in rapid succession without
moving the setup and a total dose of 3750 rads was
obtained from a single reading.
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5.0 SUMMARY

This configuration of ACTEL 1280 gate arrays will upset at 5ES8
rads/second (22 nanosecond pulse). At this level, either the output
transients are sufficient to generate errors in downstream circuits,
or the array outputs themselves may change state at the radiation
pulse (but with no internal errors). At approximately 1E9
rads/second, internal errors are generated and a reset is necessary.

The four samples did not suffer any hard latchup and continued to
function after levels above 1E11 rads/second where peak currents of
15A were generated. A small current limiting resistor should be
used to reduce this photocurrent level.

The test samples should undergo a complete set of electrical
measurements to ensure that parameters other than the operating

current were not significantly degraded.
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AEROSPACE CORPORATION SUMMARY REPORT

PRODUCT: CMOS FIELD PROGRAMMABLE GATE ARRAY

MANUFACTURING BY: MATSUSHITA

DEVICE: ACT1010/ACT1020 (2.0 micron); ACT1280 (1.2 micron)

EVALUATED BY: AEROSPACE CORPORATION

Ref. (1)Single Event Effects Testing Report by R.Koga

Ref. (2)Single Event Upset and Latchup Susceptibilities of Actel A1280 CMOS
Field Programmable Gate Array Report by R.Koga & S.J.Hansel

EVALUATIONS:
A1280 SINGLE EVENT UPSET (SEU) and LATCHUP SUSCEPTIBILITY

Data was taken on four devices each of which was programmed using four
sequential ring counters and four combinatorial ring counters. Each device module
was programmed as a multiple twisted ring counter using 60 D-type flip-flops.

All programming was accomplished with antifuse elements. The programming
was performed by ACTEL.

The test measurement was accomplished by by comparing the correct output signature
of an unexposed device to the device that is exposed to the ion beam. Each device
tested is exposed to a number of cycles while a sufficient number of output errors

is accumulated and recorded. During exposure the power supply current was also
monitored to detect latchup. SEU and latchup measurements were taken at room
temperature and at 100°C.

Test results show that null latchup results were measured at the effective LET's
ranging from 15 to 120 Mev/(mg/cm2). The SEU measurements were taken and
plotted as (cm2/240 flip-flops) vs LET[MeV/{mg/cm2)]; See figure 3. Examination
of the data shows that C-modules are less vulnerable than S-modues for SEU.

At 100°C the results are identical.

A1010/A1020 SINGLE EVENT UPSET (SEU) and LATCHUP SUSCEPTIBILITY

The parts evaluated for SEU were exposed to Xe(603 MeV), Kr{380 MeV),Cu(290 MeV),
and Ar {180 MeV) ion beams. They were programmed as muitiple twisted ring counters
each of which was 10 bits long. The A1010 and A1020 were programmed to hold four
and five ring counters which contained 40 and 50 vulnerable bits.

The test measurement was done similarly as described for the A1280.

Test results show that null latchup results were measured at the effective LET's

ranging from 15 to 120 Mev/(mg/cm2}. The SEU measurements were taken and

plotted as (cm2/ 40 or 50 flip-flops) vs LET[MeV/(mg/cm2)]. From the data it is seen

that the A1010 and A1020 have similar susceptibilities. The test results at 80°C

and 100°C are nearly identical to those at room temperature. Null latchup were measured
at effective LETs ranging from 15 to 120 MeV/(mg/cm2). See figure 4 and 5.

Post SEU testing of antifuses at 100°C revealed some errors. However it is speculated
these errors were the result of using commercial devices rated and tested to 70°C.
There was also some indication of mishandling the parts after SEU testing.
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Figure 3. SEU Test Results for Al280
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PARTS INFORMATION PROGRAM

ELECTRONIC PARTS RELIABILITY SECTION
PIP No.__ ™~

JPLU

Jet Propulsion Laboratory '
Cahlornia Institute of Technoiogy DATE 13 April 1992

SUBJECT:

Preliminary Product Analysis (PA) of ACT-21280B (1.2 pm) CMOS Field Programmable Gate
Array (FPGA) Si-chip manufactured by Actel Corp.

SUMMARY:
Two ACT-21280B Si-chip samples (lot #UH-01, PC #18340) were submitted to the JPL LSI
Group for destructive product analysis. This PA effort is a part of the JPL/NASA Quality
Assurance Program in support of selection and qualification of field programmable gate
array CMOS devices considered for use in flight hardware systems for the Earth Observation
System (EOS) and Cassini Missions.

The evaluation results provide initial insight into the quality of FPGA Chip
materials structures, and particularly into the quality of metal step coverage of chip
two-level (Si-Cu-doped aluminum) metal interconnections which are as follows:

1) SEM examination of laterally exposed metal-2 and metal-1 interconnections show
clean metal line width patterns, and alignment of metal-2 to metal-1l contacts,
and metal-2 step coverage thickness over intrametal dielectrics and metal-1,
as shown in Figures 3a through 5a.

2) SEM examination of two cross-sectioned chip segments: Figures 8a through 13d
show identified cross-sectioned structures of metal-2 and metal-1 with
thickness definition and step coverage quality. Metal-2 nominal thickness is
approximately 1.1 um thick compared with metal-2 thin step coverage features
in intrametal Si0O, via sidewalls to metal-1l contacts, and metal-2 thinning
step coverage over unplanarized Spin-on Oxide (SOG) and Low Temperature Oxide
(LTO) steps of intrametal dielectric above metal-1 contacts. These steps vary
from 0.18 pm to 0.35 um in thickness, as shown in Figures 8a, 9a, 94, 1ld and
13c.

SOURCE OF INFORMATION:

JPL LSI Engineering Group, Section 514, S. Suszko.

4-1716 or
4-7709

FOR ADDITIONAL INFORMATION CONTACT: Stefan Suszko EXT:

APPROVED: _ O Udosr

Group Supervisor - LS1 Engineering Group
147 JPL 21921 11790
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PIP 305 2

Metal-1 nominal thickness is approximately 0.75 um compared with thinning
features of metal-1 step coverage in BPSG via cuts to poly and Si contacts,
which vary from 0.16 um to 0.26 um, as shown in Figures 8d, 9d, 10a, 11d and
12d. FPGA cell with programmed (fused) poly through oxide/nitride/oxide (ONO)
dielectric to Si is identified in Figures 10c and 10d.

3) Figures 6a through 7d show laterally exposed MOS-transistor cells with thin
nitride film over poly gate patterns, field oxide and FPGA cells with
programmable poly (after removal of two-level metal interconnections and
interlevel dielectrics). Exposed contact patterns to poly and Si are outlined

in thin nitride, and show good alignment to poly and in active areas of
Si-cells.

CONCLUSIONS

Evaluation results of the Actel FPGA 21280B 1.2 um Si-chip show evidence of metal-2
thinning in via step coverage to metal-1 contacts, and over unplanarized steps of
intrametal dielectrics (SOG and LTO) above metal-1 contacts. Metal-2 nominal thickness of
1.1 um is reduced to 0.2 um, as shown in Figures 8d, 9a and 9d.

. Metal-1 thin step coverage is evidenced in BPSG aperture cuts to poly and Si
contacts, from nominal 0.75 um metal thickness to 0.15 um, as shown in Figures
8d, 9d, 10a, 11d and 12d.

L] The thickness quality of metal-2 and metal-1 step coverage does not meet
acceptance criteria of MIL-STD-883C. However, reliability data calculations
for current density requirements might pass this metal step coverage in
contact vias according to MIL-STD-38510, as calculated by Mike Sandor of JPL
(Ref: JPL IOM 514-F-038-92, Calculation of Current Density for Actel 2.0 um
and 1.2 um FPGA Technology).

] The FPGA 21280B 1.2 um Si chip is a fairly new product technology, just over a
year old, and the reliability database is still evolving and minimal on this
product line. For the electrical and environmental functionality of this FPGA
device, see the manufacturer's data sheets, attached. For additional
information, contact M. Davarpanah, JPL component specialist.

PROCEDURE

The evaluation was performed on two Si-chips in accordance with MIL-STD-883C,
Methods for Microcircuits (where applicable). One Si-chip was backscribed and cleaved
into four segments. Two chip segments were used for lateral selective exposure and
removal of chip materials levels. The other two chip segments were prepared as cross-
sectioned samples and examined for definition and identification of chip materials layers
on 5i, their interface integrity and thickness dimensions (see Table I).

A second Si-chip was used for lateral exposure of materials without backscribing and
cleaving it into separate chip segments.

Optical and SEM examinations were performed prior to and after each level of chip

materials exposure, and X-ray spectroscopic analysis was used for identification of chip
materials composition.
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3 PIP 305
OPTICAL AND SEM EXAMINATIONS:

Figures la through 13d are optical and SEM photo views, which together with captions
provide representative examples of FPGA chip and chip exposed materials levels and
structures, their interface integrity, and thickness dimensions.
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Table I. Physical Dimensions of ACT-21280B Die

and Die Structures

Die/Die Structures Dimensions
1. Die material: (Si), and size 12 x 12.7 mm
2. Die passivation: Nitride on §5iO, = 1.2 pm
3. Die metallization: Si-and cu-doped
Aluminum two-level metal interconnect;
metal-2 top, metal-1 bottom level.
4, Metal-2 thickness =1.1 pym
5. Minimum metal-2 step coverage thickness % 0.2 pm
6. Metal-1 thickness = 0.75 pm
7. Minimum metal-1 step coverage thickness = 0.15 pm
8. Minimum metal-2 line width = 2.0 pum
9. Minimum metal-1 line width = 2.0 pym
10. Intrametal dielectric (SOG on LTO) thickness = 0.65 pm
11. BPSG thickness = 0.7 pm
12. Thin nitride thickness (on field oxide) = 800 A
13. Gate poly thickness = 0.35 pm
14. Field oxide thickness = 0.75 pm
15. Contact diameter to poly and Si = 1.6 um
16. ONO thickness = 0.1 pum
Note: The chip materials dimensions were derived from SEM photo figures using SEM

calibration reference line and magnification factor.
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PIP 305

SEM PHOTO VIEW OF PAL CHIP SEGMENT WITH NITRIDE
AND SIO, PASSIVATION.

CHIP BONDING
PAD

Figure 2e. 400X view of chip metal pad.

NITRIDE PASSIVATION
MORPHOLOGY OVER
TWO-LEVEL METAL
INTERCONNECTIONS

1000X SEM view of chip segment
with nitride passivation
morphology over two-level
metal interconnections.

Figure 2f.
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PIP 305 10

SEM PHOTO VIEWS OF EXPOSED METAL-2 STEP COVERAGE FEATURES
AND LINE WIDTH PATTERNS.

995 UR=YL 1.cf s ool Figure 5a.

3kX side view of exposed
metal-2 step coverage
features over 8i0;

and metal-1 steps.

o

METAL-1

METAL-2

Figure 5b.

3kX view of exposed
metal-2 line width
patterns and separation.

FHSEE Figure Sc.
5kX view of metal-2
line widths.

G

METAL-2 LINE WIDTH
=19 um

156



305

sp

1

11

"@PTX0 PISTF UO s3dBIUOD ATod 3388
pue ‘IS 031 s3oB1UO0O aTqeuwsiBoad *Atod (Tvd) pue A1od 8388 ‘ssiev1d
Uatm A1od Tvd JO MITA 9PTS XAE ‘P9 a8indTg Joayoedeo-A10d JO MATA BpPTSs XAG'TI ‘09 2indij

2w - e, . 1

p

3LVO A10d

1OVINOD IS
a3sodx3
1OVINOD
31VO AT10d
SHOLI0vdVD
1 Y
A10d Tvd e 31¥7d-A10d
*A10d *SPTIITU UTYI Y3Im uiaijzed Arod
Tvd pue sa23188 AT1od 183A0 apTizTU orqeumei801d (Tvd) pue saie8 Lrod o3
utyl pasodxa Jo M3TA 9pPTS XAS°'Z ‘49 aindr13 $310B3UO0D pasodXxa JO MOTIA O9PTS XNT ‘B9 2in813
5 O30 S5 RTNES bid R[S WADT
3AIXo a13id
J1VO AT0d
A0d A1vD
1S e
OLSIOVINOD W
J3NNVYHOOHd prg FZN_QWMW

k=il R el

"(Q3AOWIH SOIHLDI131A TVLIWVHLNI ANV ‘L-TVLIW ANV 2-TV.LIW) $H2019 (1Vd) 21901
AVHHY AT0d 3TEVWAVHOOUd ANV ‘SLVHD A10d OL1 SLOVINOD AISOdX3 40 SMIIA OLOHd W3S

157



PIP 305

*S308B3U0D TS pUB ‘BpPIXO
PTI®TI ¥oty3y uo sped aied Arod o3
$10B3U0D pasodxd JO MITA BPIS XAy °psz 2indij

S1OVINOD IS
a3sodx3

3aiXo a3

31vD A10d

1OVINOO IS

10VINOD
avd
31VO A10d

18 03 @oeJiojutl psuwmeiBoid yjim Atod
aTqeuwe1B8oi1d (7Tyd) 3O MATA 8pPIS XAY

D =l [ L

NOILVTOSI 4
3QIXO Q131 ~——

IS Ol
S1OVINOOD
J3INNVYHOOHd
H1IM

A10d 1vd

ZP1SS XPAGEF 12 1 1@-HN S0S82I6 1310

*S30B3UO0D TS pue ‘sulaijed
2188 puB STT8Y J03sSIsueill

SOW pasodxa Jo MaTA 3pTIsS Xz °'o/ 921nd13

1

TS 03 puB suiajied 2388 AT10d 03

$308B3uU0D pasodxa JO MATA @PFS XAG'T B/ 2I1nd1j

S31vO A10d

"(G3IAOWIH SOIHLO3I131A TVLIWVHLNI NV L-TVLIN ‘T-TVL3IN)
IS O1 A70d ITEVIRNVHODOH (1vd) ANV ‘STLVYD A10d OL1 SLOVLNOD AISOdX3 40 SMIIA OLOHd W3S

158



"Ssaujoty3 dais pue Ar1od o3 sio®8iU0D

S8iniesay deils z-18313W JO MITA XYOT

305

3dIX0 g13i4

pIP

Al0d O1
d3LS VIA NI
SS3NMOIHL

FIVLIN

1OVINOD

FIVLIIW

ANV ‘0l1

wr zz'o0T 'DOS HIAO
d31S aNy

wn | S SSINHDIHL
SIVIIN

13

wrgo=

FAIXO a3 -

wrig, o=

FIVLIN .

wrigo=
Yel:]
wrgp= QL
wr g0 = DOS
wr |y =

¢ IVL3INW
wrigo=s

ois
wrgo=s
3AIYHLIN

wlzo=

"SSaUXDTUL pUB ‘HSdd UO YIpTM
SUTT T-T®3iaw pue OJT PusB HOSs
Isao dsis z-tTeizem doij 3O MBTA XMOT

‘9PTX0 pI8I:
A31TYl uo ped Ayod o1 39®B3UOD
PUB “3UIT T-TB3l8W JO MaTA XNOT ‘o9 2an81g3

1-T838W pue QLT PUB HOS ISAO

"Pg 2ind1g3

3dIXo 1314

A10d OL
1OVINOD
VL3N

wrgyy =

HL1dIM 3NN
FIVLIIN

‘Teiaw v (padop njy-1g)
19A8T-Z 19A0 uotieaissed 2o1g pue
9PTI3TU T3AST-z do3 Jo M8TA XYOT -®Bg 21ndtg

200 Q0

'qg 8indtg

1402
J1vd1sans
IS

3AIX0 g13id

-IVL3IN
ol

©0s
SIVLIN

cois
3JQIHLIN

‘ILVHLISEHNS IS NO ‘SNH3ALLVd
3OV4HILNI NV SSINMOIHL HIFHL ‘STVIHILVIN G3NOLLOIS-SSOHD dIHO 1Vd 40 SMIIA OLOHd W3S

159



‘a8B319A00 daas BIA

1-Teasw pue ‘A1od o031 S310BIUOD *A1od o031 30B3U0D T-TBISW
1-TB29W pue QIT PUB H0§ IIA0 pus ‘T1-Teiaw pue QLT PUB DOS

soinieaj deas z-TBl18W JO MdTA XJOT °P6 21n8T3 319a0 sdais z-TBISW JO MATA XAOT 96 ain8dt13

A10d OlL
1OVINOD
VL3N

wrigl o=
1ND VIA NI
d31S ANV

SSINHOIHL
VLI

A10d OL
S1OVINOD
-IVL3IN

aNv o171

‘©0S H3IAO

wr 62’0 = d31S ANV
SSIANNOIHL
Z-IV13N

~T

©Sdd

IVIIN

90Ss
o
-IVLIN OL

1OVINOD
¢IVLAN

PIP 305

[T r

Yl

Al0d O1
1OVINOO
VL3N

VL3N

F-IVLIW ANV
011 'D0S
H3IAO d31S
¢IVIIAN

NZ 1 1@8-HN £8821Y 13124

*SSaUNOTYI PUB YIPTM SUTT
*I-TB319W 03 S8INlEIJ 1-TB38W pue °‘T-TEBI3W 03 S3IOBIUOD

10B3UO0D Z-TE19W JO MITA XAGT ‘46 2IndiJ

1ALl

Ienp z-T®38W 3O MATA XNOT 86 2Ind14

5 =¥

VL3N

L-IVIIN OL
1OVINOD
ANV d31s

wrigo= e IVI3NW

et
3AIHLIN

wr " =
¢- V13N

Zrigs mAEl o 1 Te-Hi g

"31VH1SENS-IS NO ‘SNH3LLVd
39V4HILNI NV SSINXOIHL HIFHL ‘STVIHILVIN GINOLLOTS-SSOHD dIHD Tvd 40 SM3IA OLOHd W3S

160



"OTI108T3Tp (ONO) 8pixo "OT132313TP (ONO) 9PTX0/apFiifu

/®PTI3TU/8PIX0 UO Tg O3 (pasnjy) /3PIX0 ydnoiyy 1g o3 sioequod
- ATod pawueiB8oid 30 M3TA XJ0Z ‘pPOT 21n813 aTqruwe1801d L7od TVd 30 M3TA XJ0T ‘907 2ind13
m ISOL " A0 W41 S U [ AL b
- A0d a3sn4d 3ivdisans
= ONO 'S
3aIXo a13i4 IS O1
NV ONO L1OVINOD
'A10d H3IAO , - Al0d
3AIHLIN A . ~ i vd a3sn4
NIH1 Y 00s . . - T ¥ /
; ) . i 3 ONO
oSdg \ . T : : :
IVLIW e U 2 I Tl 4 Tt 0sdd
¢ois , Lag
AN — ._, L ,v
- L) s . 4 : : La-HN £8821Y 13104
[V
— *deis ®BTA 9Hg5gqg Ul ssauyoiya
T-T®18Ww pue ‘A1od o3 s3ovju0> *ATod 01 a8wvisaod dais eta pue
833w UMl 1-TE38W Jo Mafa XA0T °qoT1 ®8indyg S310B1UOD T-TEBISW JO MaTA XJ0T ‘*eQ1 2in81g
wrigos ST ¥v38 S.auig
3dIX0 g13i4 3aIX0 471314
wri g
d3LS VIA SS3IANMOIHL
9Sdd IVLIIN
A70d 01 wrigio=
S1OVINOD 1ND d3is
FIVLIN VIA NI
SSIANMOIHL
FIVIIN
SIVIIN

‘3LVHLISENS IS NO ALIHDILNI
FOVIHILNI ANV SSINMDIHL HIFHL ‘STVIHILYN Q3NOLLO3IS-SSOHD dIHO Vd 40 SM3IA OLOHd W3S

161



-ano deis BIA UT SSaUidIYl TeIdUW *apIxo PT3TF HAOTUI Uuo ped Atod o3
yatm Atod 03 30BIUOD T-TBIJ 10B3UCD T-TB1°W pue O0IT PuUe HOS
pue ‘dais Z-Te38W JO MATA XAST ‘pTT @2Ind14 19a0 doas z-Te3dW JO MITA XAOT "OTI a1n8143

wrigl0=
d31SVIA LV
SSINMOIHL
FIVLIN wrigLo=
SSINMOIHL
d31Ss
L1OVINQD I-TVL3aNW
1-TVL3IN H3AO
011 '90S 1V
wrigzZ o=
SSINMOIHL d31s
¢IVL3IN ZIVLIN
Ne
— *ano daais BTA UT -ano dais vIA UT
SSauUyOTY3 [e313uW pus ¢«A10d 013 ssauyoTys Ielsw pue 1£10d 01
1081U0D T-IB38W JO MATA XA0T "All 2an814 1081U0D T-TB38W JO MITA XIOT 811 2an813
S =3 2] [x] e kS St KK S
¥v3g S.adl8
3QiIXo a13id
A10d
odo. AN A L e D R T e s
10VINOD
-IVI3IN -IVLIN
S IVI1INW
[Eg)
2
w 4 "1 ZE1aS K481
B~ ‘SNOISNINIG SSINMOIHL ANV

ALIHDILNI FOVHILINI HIFHL ‘STVIHILVYIN GINOLLOIS-SSOHD diHO TVd 40 SM3IA OLOHd W3S

162



*s3no dajs *s3nd deais eTA
BTA UT ssauyofryz a8eisaod dais UT S3INn31¥d] SsauyoTyy TelaW pue
PU® s30B3U0D T-TB3lAW 3O M3TA X0z -pzT @indyg TS ©31 sS30B1UO0D T-TBIAW JO M3TA XNOI

Al [ (e, W4T < AL g

*0Z1 @inByg

505

IS OL
SLOVINOO
VL3N

n l'r)

ISOL
S1O0VINOD

osd8 FIVLIIN

wr9z0 T 1NJ VIA
NI d31S NV
wrggs

SSIANMOIHL
FIVLIN

o141

00s
Ch1SS X401 02 1 18-H1 203216 7319

"3Ind dals ®BIA UT ssauyoly:
98818400 dails Teiem yiim TS ‘TS 03 30®BIUOD
03 30BUOD T-1BI8W pu® *T-Tejauw T1-Te3law pue T-TBlaW O3
03 10BIUOD Z-TEIBW JO MATA XNOT "QZT @and1g  sidoe3UOD Z-TEBlaW Jo maTA YYC

17

‘BZ1 92In813

L LN Al

Aarxo a3

ISO1
1OVINOOD
L-IVLIW

3AIXo a13i4

wrgo=
L-IVLIW OL

LOVINOD ANV
d31S 2-IVI3IN

VL3N OL
1OVINOD
S IVIIN

SHISS MHg

S1NJ d31S VIA NI 39VHIA0D SSINMOIHL TY13IN ANV ‘SLOVINOD IS OL L-TV13N NV
‘4-1V13N O1 S1OVINOD ¢IVLI3N ONIMOHS STVIHILVIW G3NOLLOIS-SSOHO dIHD 1Vd 40 SMIIA OlOHd nas

163



18

-sqno dsis BIA UT S3iInisaj
a8wiaAa0o> dois YiTM s3OBIUOD
1-TB32W pue ‘Z-1BIAdW JO MITA XAST

allt i

0sdd

1SOL
10VINOD
-IVLIN

ANV O1LT ANV
50s 43N0
d31s ANV
SSANMOIHL

¢ IVIIN

*apTxo0 PIaTI
¥o1y3z uo Arod o031 sainiea;
1083U0D T-TEBI9W JO M3TA XAOT

o [={aly] W]

FELES

3QIX0
Q13 ¥OIHL —

A10d O1
1OVINOD
L-IVL3IN

V1IN

-31VH1SENS IS NO STVIHILVN

"pel 2and1i

-qgT 9Ind1d
[ER T

-doas BIA ZOTS UT SSaUYOTYI
dois z-TE39W Yitm T-TBI3UW 03
1083U0D Z-TB31aW JO MATA XAOT

‘y18ua] ToUUBYD BATIODFFS puB
ya8uay 22188 A1od Jo MdTA XAOT

B Apil N D IR D

3INOLLOIS-SSOUD dIHO 1Vd 40 SM3IA OlOHd W3S

+og1 8andr1d

‘g 2InB813

wrpg 0=
FIVLIN

wrgo=
SSANMOIHL

d31s

¢ IVL3N

w7 2
SS3INADIHL
V13N

wrizy =

HLONITNYHO

3AIL03443

1SOL
S1OVINOD
-IVL3N

164



19

PIP 305
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ACT™ 2
Field Programmable
Gate Arrays

Features
¢ Up to 8000 Gate Array Gates

(20,000 PLD/LCA™ equivalent gates)
e Replace up to 210 TTL Packages
o Replace up to 69 20-Pin PAL Packages
¢ Design Library with over 250 Macros
» Single-Module Sequential Functions
& Wide-Input Combinatorial Functions

e Up to 1232 Programmable Logic Modules

e Up to 998 Flip-Flops

e 16-Bit Counter Performance to 85 MHz

s 16-Bit Accumulator Performance to 33
¢ Flip-Flop Toggle Rates to 120 MHz

MHz

e Two In-Circuit Diagnostic Probe Pins Support Speed

Analysis to 50 MHz

¢ Two High-Speed, Low-Skew Clock Networks

e [/O Drive to 10 mA
e Nonvolatile, User Programmable

Product Family Profile

Description

The ACT 2 family rcpresents Actel’s second generation of field
programmable gate arrays. The ACT 2 family presents a
two-module architecture, consisting of C-Modules and S-Modules.
These modules are optimized for both combinatorial and
sequential designs (sec Figure 1) Based on Actel's patented
channeled array architecture. the ACT 2 family provides
significant enhancements 1o gate density and performance while
maintaining upward compatibility with the ACT 1 design
environment. The devices are implemented in silicon gate, 1.2-um,
two-level metal CMOS, and employ Actel's PLICE antifuse
technology. This revolutionary architecture offers gate array
design flexibility, high performance and fast time-to-production
through user programming. The ACT 2 family is supported by the
Action Logic™ System (ALS), which offers automatic pin
assignment, validation of electrical and design rules, automatic
placement and routing, timing analysis, user programming, and
debug and diagnostic probe capabilities. The Action Logic System
is supported on the following platforms: 386/486 PC, and Sun®,
HP® and Apollo® workstations. It provides CAE interfaces to the
following design environments: Valid™, Viewlogic®, Mentor
Graphics®, HP DCS and OrCAD™.

Device At1280 At1280 A1225
— Do0

Capacity

Gate Array Equivalent Gates 8.000 4,000 2.500 e z2— our

PLD/LCA Equivalent Gates 20,000 10,000 6,250 -—1 D10

TTL Equivalent Packages 210 105 70 —{ D11

20-Pin PAL Equivalent Packages 69 34 23

St SO

Logic Modules 1.232 684 451

S-Modules 624 348 231

C-Modules 608 336 220
Flip-Flops (maximum) 998 565 382

C-Module

Routing Resources T TS s T e

Horizomal Tracks/Channel 36 36 36

Vertical Tracks/Column 15 15 15

PLICE® Antifuse Elements 750,000 400000 250,000 —} D00 J)

—1 po1 CLR
User 1/Os (maxmum) 140 104 83
—1 010 ZH CLK — OuT
Packages' 176 CPGA 132 CPGA 100 CPGA A
160 POFP 144 PQFP 100 POFP -
84 PLCC S1 SO

Pertormance?

16-Bit Counters 55 MHz 75 MHz 85 MHz

16-Bit Accumulators 30 MHz 33 MHz 33 MHz
CMOS Process 1.2 um 1.2 um 1.2 um S Modul

uie

Note:

1. See product plan on page 4 for package availability.
2. Pertormance 1s based on a -1 speed graded device at commercial

worsi-case operating conditions.

Figure 1. ACT 2 Two-Moduis Architecture

© 1991 Actel Corporation

December 1991
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ACT 2 Architecture

Routing efficiency with large gate count devices is improved by
increased routing resources and antifuse programming elements.
as well as architectural enhanccments. Hornizontal routing
tracks/channel are increased 1o 36 (vs. 25 for ACT 1) vertical
rouning tracks/column are increased to 15 (vs. 13 for ACT 1) All
specd-critical modulc-to-module connections are accomplished
wilh only two low-resistance antifuse elements. Most connections
are implemented with either two or three antifuse clements (see
Figure 2). No connections are aliowed with more than four antifuse
elements in the path. This resultsin fully automatic placement and
rout:ng, This device utilization is typically 85% 10 95% of available
logic modules and 80% of total gates.

input segment
B
!

- —

uncommitted vertical segment
driver

S

dedicated
vertical input segment
A

/ segment :

&

Figure 2. ACT 2 Routing Architecture

Two Module Design: C-Modules and S-Modules

The ACT 2 family has dedicated combinatorial and combinatorial-
sequential modules (see Figures 3 and 4). The combinatorial
module. C-Module, has been enhanced to implement high fan-in
combinatorial macros, such as 5-input AND, OR, NAND and
NOR gates. In addition, AND-OR gates, AND-XOR gates, XOR
gates and many other combinatorial functions are available.

D00
DO1
D10

D1
SO

Up to B-input function

Figure 3. C-Moduile Implementation

The combinatorial-sequential module, S-Module, is optimized to
implement high-speed flip-flops within a single module. In
addition, they include combinatorial logic within the S-Module,
which aliows an additional level of logic 10 be impiemented without
any additional propagation delay. Actel's ALS software
automatically combines the combinatorial and sequential logic
into the S-Module.

Hard and Soft Macros

A building block approach is used for designing FPGAs within the
Actel environment. Over 250 schematic representations of widely
used logic functions are stored within the ACT 2 macro library.
Each macro represents one of our basic 1o complex building blocks
from which you may build your design. These macros include
simple logic functions, such as AND gates, and more complex logic
functions, such as 16-bit counters and accumulators.

These macros are implemented within the ACT 2 architecture by
using one or more C-Modules and/or S-Modules. Over 150 of these
macros are implemented withinsingle modules, with an additional
25 macros implemented by connecting only two modules.
One-module and two-module macros have a small propagation
delay variance, which enables accurate performance prediction.
These macros are called hard macros, and their propagation delays
are specified within this datasheet. Combinable hard macros can be
combined with the sequential logic within the S-Module.

More complex logic functions are also included in the macro
library. These soft racros arc implemented by using several hard
macros. The performance of soft macros depends on the
application and is optimized by “criticality.” Criticality is a method
of easily defining the speed critical paths in a particular application.
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ACT 2 FPGAs
—{ 0o & —{ boo
— 001 CLR — 0o
— p1o Z cx pour — o0 Z — out
—{on val —on GATE
s1 ) s1 S0

Up to 7-input function pius D-flip-flop with clear.

CLR

-1 GATE

Up to 4-input function plus latch with clear.

Up to 7-input function plus latch.

—1 D11
S1 SO

Up to 8-input function (same as C-Module).

Figure 4. S-Module Implementations

Programmable !/0 Pins

Each /O pin is available as an input, output, three-state, or
bidirectional buffer. Inputs are TTL and CMOS-compatible.
Output drive levels meet 10 mA TTL and 6 mA HCT standards.
Optional transparent latches at the I/O pins are provided for both
inputs and outputs. /O latches can be combined with latches in the
array to implement master-slave {lip-flops.

Low-Skew Clock Network

Two low-skew clock distribution networks are provided. Each
network can be driven by either of two dedicated /O pins or from
internal logic. Clock skew is a function of the flip-flop distribution,
and is guaranteed to be less than two nanoseconds in duration.

100% Tested Product

ACT 2 device functionality is fully tested before shipment and
during device programming. Routing tracks. logic modules, and
programming, debug, and test circuits are 100% tested before
shipment. Antifuse integrity also is tested before shipment.
Programming algorithms arc tested when a device is programmed
using Actel’s Activator®2,

Probe Pins

ACT 2 family devices have two independent diagnostic probe pins,
which allow the user to observe any two internal signals. Signals
may be viewed on a logic analyzer using Actel's Actionprobe®
diagnostic tools. The probe pins can be used as user-defined V/Os
when debugging has been completed. After the design has been
verified, the pins’ probing capabilities can be terminated to protect
the design’s confidentiality.
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Ordering information

A1280 - = 1 PG 176

_—

c
| | —E
1 Application

|
\ \

Package Lead Count

Package Type

Speed Grade
Dre Revision
{tuture)
L- Part Number
Product Plan
Speed Grade Application ]
Std -1* [+ | ] B

A1280 Device
176-pin Ceramic Pin Grid Array (PG) v v » - v P
160-pin Plastic Quad Flatpack (PO) [ el P % - —
A1230 Device
132-pin Ceramic Pin Grid Aray (PG) d I » - v P
144-pin Plastic Quad Flatpack {PO) v v v v - -
A1225 Device
100-pin Ceramic Pin Grid Array (PG) P P P - P P
100-pin Piastic Quad Flatpack (PQ) P P P P - -
84-pin Plastic Leaded Chip Carrier (PL) P P P [ - -
Applications: C = Commercial Availability: » = Avalable

| = industrial P = Planned

M = Military — = Not Planned

B = 883B
* Speed Grade: -1 = 15% faster than Standard
Device Resources

User |/Os
CPGA PQFP PLCC
Device Logic
Series Modules Gates 176-pin  132-pin 100-pin 160-pin  144-pin 100-pin 84-pin
A1280 1232 8000 140 - - 124 - - -
A1240 684 4000 - 92 - - 104 - -
A1225 451 2500 - - 83 - - - 67
4
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ACT 2 FPGAs

Absolute Maximum Ratings
Free air temperature range

Recommended Operating Conditions

Parameter Commerclal  Industrial Milltary Units

Symbol Parameter Limits Units mW‘W" 010 +70 4010 +85 5510 +125 .

Vce  OC Supply Vottage' 23 05t +70  Voits ge (Note 1)
v, Input Voltage -0510Vee +0.5  Voits m.nigpp‘y *5 =10 =10 %Vec
Vo Qutput Voltage -05toVec +05  Voits Note:
I input Clamp Current +20 A 1. ,l::;l;:;m:emgglrzd(z;)mgr commercial and industnial; case
lox Qutput Clamp Current +*20 mA

lox Continuous Output Current 25 mA

Tstc  Storage Temperature ~65to +150 °C

Stresses beyond those listed above may cause permanent damage to the
device. Exposure to absolute maximum rated conditions for extended
periods may affect device reliability. Device shouid not be operated
outside the Recommended Operating Conditions.

Notes:

1. Vpp = Vg, except during device programming.

2. Vgy = Vcc, except during device programming.

3. Vgs = GND, except during device programming.

Electrical Specifications

Commercial Industrial Military
Paramater Unite
Min. Max. Min, Max. Min. Max.
{lon = -10 mA)2 24 v
Vou' (low = -6 mA) 384 v
{lon = -4 MA) 37 a7 v
{lo, = 10 mA)? 05 v
Vm_‘
(log = 6 mA) 0.33 0.40 0.40 v
Vi -03 08 -0.3 08 -0.3 08 v
Vim 20 Vee + 03 20 Vee + 0.3 20 Vee + 03 v
Input Transition Time tq, t:2 500 500 500 ns
Cio WO Capacitance? 3 10 10 10 pF
Standby Current, lgc* 10 20 25 mA
Leakage Current$ -10 10 -10 10 -10 10 A
Notes:
1. Only one output tested at a time. Vee = min.
2. Not 1esied. for information only.
3. Includes worst-case 176 CPGA package capacitance. Vour = 0V, f = 1 MHz.
4. All outputs unloaded. All inpuls = Ve or GND.
5. Vo, Vi = Ve or GND.
6. Only one output tested at a ime. Min. at Voo = 4.5 V; Max. at Ve = 5.5V
H
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Package Thermal Characteristics

The device junction to case thermal characteristic is 8jc, and the Maximum junction temperature is 150°C.

junction to ambient air characteristic is 8ja. The thermal

> . A sample calculation of the maximum power dissipation for a
characteristics for ©ja are shown with two different air flow rates.

CPGA 176-pin package at military temperature is as follows:

Max. junction temp- (°C) - Max. military temp. (°C) _ 150°C - 125°C _ L2 W

dja (°C/W) 20°CW
Oja Bla
Package Type Pin Count Slc sm! air 300 fi/mln. Units
CPGA 100 5 35 17 *Cw
132 5 30 15 °C/wW
176 2 20 8 *CW
PQFP! 100 13 55 47 *CW
144 15 35 26 *CW
160 15 33 24 °CW
PLCC B4 12 44 33 *CW
Note:
1. Maximum Power Dissipation for PQFP Package = 2.0 Watis

Power Dissipation

P = [Icc + laame} « Yo + IorsVouN + Tou-(Vec-VourM
Where:
Icc is the current flowing when no inputs or outputs arc changing
Ioawe is the current flowing due to CMOS switching

Iow. Jon are TTL sink/source currents

VoL, Von are TTL level output voltages
N equals the number of outputs driving TTL loads 10 Vo and
M equal the number of outputs driving TTL loads 10 Vou

An accurate determination of N and M is problematical because
their values depend on the design and on the system [/O. The
power can be divided into two components: static and active.

Static Power

Static power dissipation is typically a small component of the
overall power. From the values provided in the Electrical
Specifications, the maximum static power (commercial) dissipation is:

10mAx3525V = 525 mW

The static power dissipated by TTL loads depends on the number
of outputs that drive high or low and the DC lead current flowing.
Again. this number 1s typicaily small. For instance, a 32 bit bus
driving TTL loads will generate 42 mW ATT with all outputs
driving low or 140 mW wath all outputs driving high. The actual
dissipauion will average somewhere between as [/Os switch states
with ume.

Active Power

The active power component in CMOS devices s trequency
dependent and depends on the user's logic and the external /0.
Active power dissipation results from charging internal chip
capacitance such as that associated with the interconnect,

unprogrammed antifuses, module inputs, and module outputs plus
external capacitance due to PC board traces and load device inputs.
An additional component of active power dissipation is due to
totem-pole current in CMOS transistor pairs. The net effect canbe
associated with an equivaient capacitance that can be combined
with frequency and voltage to represent active power dissipation.

Equivalent Capacitance

The power dissipated by a CMOS circuit can be expressed by
Equation 1.

Power (}IW) = CEQ . V(;c2 . f
Where:

Ceo is the equivalent capacitance expressed in pF

(H

Ve is power supply in volts
f is the switching frequency in MHz

Equivalent capacitance is calculated by measuring luame at 2
specified frequency and voltage for each circuit component of
interest. The results for ACT 2 devices are:

Cea (PF)
Modules 77
Input Buffers 18.0
Output Buffers 250
Clock Buffer Loads 2.5

To calculate the active power that is dissipated from the compicte
design. you mustsalve Equation 1 for each component. In order to
Jo this. you must know the switching frequency of each part af the
logic. The exact cquation is i plece-wise linear summaton over all
components. as shown in Equation 2.

(m77-6)+ (n.180.6) + (p+ (250 + CL - fy)
+(q-25.0)- Ve )

Power
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ACT 2 FPGAs

Where:
n = number of logic modules switching at frequency f;
m = number of input buffers switching at frequency f;
p = number of output buffers switching at frequency f;
q = number of clock loads on the global clock network
f = frequency of global clock
fi = average logic module switching rate in MHz
f; = average input buffer switching rate in MHz
fy = average output buffer switching rate in MHz

CL = output load capacitance

Determining Average Switching Frequency

In order to determine the switching frequency for a design, you
must have a detailed understanding of the data input values to the
circuit. The following rules will help you to determine average
switching frequency in logic circuits. These rules are meant to
represent worst case scenarios so that they can be generally used for
predicting the upper limits of power dissipation. These rules are as
follows:

Module Utilization = 80% of combinatorial modules
Average Module Frequency = F/10

/3 of /O are Inputs

Average Input Frequency = F/5

2/3 of 1/Os are Outputs

Average Output Frequency = F/10

Clock Net 1 Loading = 40% of sequential modules
Clock Net 1 Frequency = F

Clock Net 2 Loading = 40% of sequential modules
Clock Net 2 Frequency = F/2

Estimated Power

The results of estimating active power are displayed in Figure 5.
The graphs provide a simple guideline for estimating power. The
tables may be interpolated when your application has different
resource utilizations or frequencies.

3.0

20 mzs0 ) /1

1.0

N
N

L/ / A1225

Watts

0.1

\
N \\
NN
\\
N\

1.0 10.0 100.0
MHz

Figure 5. ACT 2 Power Estimates
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Parameter Measurement

Output Butfer Delays

o Y] To AC test loads (shown below)

tenzr tennz
AC Test Loads
Load 1 Load 2
(Used to measure propagation delay) (Used to measure rising/falling edges)
Veo GND
To the output under test L L
50 pF R to Vg for teLz/len
R to GND for ‘mzﬂpm
—_ To the output under test R = 1kQ
T
Input Butfer Delays Combinatorial
Macro Delays
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ACT 2 FPGAs
Sequential Timing Characteristics
Fllp-Flops and Latches
l
o—{ PRE | __q
E —
CK—p cia
|
{Positive edge triggered)
_.' o |.._
o X X
o — i f——

CLK I I | I I l I
o e

e |
o —
a X X
tsuasyn l }‘_‘m"

PRE. CLR —| r_'[
arweny

ASYN

Notes:
1. D represents all data functions involving A, B. § for multiplexed flip-flops.
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Sequential Timing Characteristics (continued)

G —p—(

CLKBUF

Input Buffer Latches

PAD f

B - -

CLK — — -

Output Buffer Latches

OBDLHS

e

—-’* toutm

10
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ACT 2 FPGAs

Timing Characteristics

Timing characteristics for ACT arrays fall into three categories:
family dependent, device dependent, and design dependent. The
output buffer characteristics are.common to all ACT 2 famity
members. Internal module delays are device dependent. Internal
wiring delays between modules are design dependent. Design
dependency means actual delays are not determined until after
placement and routing of the users design is complete. Delay values
may then be determined by using the ALS Timer utility or
performing simulation with post-layout delays.

The macro propagation delays shown in the Timing Characteristics
tables include the module detay plus estimates derived from
statistical analysis for wiring delay. This statistical estimate is based
on fully utilized devices (90% module utilization).

Critical Nets and Typlcal Nets

Propagation delays are expressed for two types of nets: critical and
typical. Critical nets are determined by net property assignment
before placement and routing. Up to six percent of the nets in a
design may be designated as cntical, while ninety percent of the
nets in a design are typical.

Fan-out Dependency

Propagation delays depend on the fan-out (number of loads) driven
by a macro. Delay time increases when fan-out increases due 10 the

Timing Derating Factor (x typical)

capacitive loading of the macro’s inputs, as well as the
interconnect’s resistance and capacitance.

Long Tracks

Some nets in the design use long tracks. Long tracks are special
routing resources that span multiple rows or columns or modules,
and are used frequently in large fan-out (> 10) situations. Long
tracks employ three and sometimes four antifuse connections. This
increased capacitance and resistance results in longer net delays for
macros connected to long tracks. Typically up to six percent of the
nets in a fully utilized device require long tracks. Long tracks
contribute an additional 10 ns to 15 ns delay.

Timing Derating

Operating temperature, operating voltage and device processing
conditions, along with device die size and speed grade, account for
variations in array timing characteristics. These vanations are
summarized into a derating factor for ACT 2 array typical timing
specifications. The derating factors shown in the table below are
based on the recommended operating conditions for ACT 2
appiications. The derating curves in Figure 6 show worst-to-best
case operating voltage range and best-to-worst case operating
temperature range. The temperature derating curve is based on
device junction temperature. Actual junction temperature is
determined from Ambient Temperature, Power Dissipation, and
Package Thermal characteristics.

Commercial

Industrial

Miiitary

Best Case Worst Case Best Case

Worst Case Best Case Worst Case

0.40 1.40 037

1.50 035 16

Note:

Best case reflects maximum operating voltage, minimum operating
lemperature, and best case processing. Worst case reflects minimum
operating voltage, maximum operating iemperature, and worst case

Voltage Derating Curve

120

115

110

105

100

Factor

095

090

eX:13

080

a5 475 50 525

Vee (Volts)

55

processing. Best case Jerating is based on sampic data only and is not
guaranteed.

Temperature Derating Curve

Faclor

090

nso

270
-50

0 20 0 20 4 60 80
Temperature (°C)

00 120

Figure 6. Derating Curves

u
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A1280 Timing Characteristics
Propagation Delays Vee = 50V Ta = 25°C: Process = Typical Derating Required)

Parameter Description Qutput Net FO = 1 FO =2 FO =13 FO =4 FO =8 Units
o1 Single Module Critical 45 50 55 6.0 - ns
D1 Single Module Typical 57 6.2 67 82 17 ns
tpo2 Dual Module Critical 75 80 85 9.0 - ns
teo2 Dual Module Typical 87 9.2 97 11.2 147 ns
tco Sequential Cik to Q Critical 45 5.0 55 6.0 - ns
o Sequential Cik to O Typical 57 6.2 6.7 82 1.7 ns
tco Latch Gto Q Cnitical 45 5.0 55 6.0 - ns
o LatchGto @ Typical 57 6.2 6.7 8.2 1.7 ns
teo Asynchronous to Q Critical 45 5.0 55 6.0 - ns
tep Asynchronous to Q Typical 57 6.2 67 82 1.7 ns

Sequentiat Timing Characteristics (over Worst-Case Recommended Operating Conditions: No Further Derating Required)

Commercial industrial Military
Parameter Description Min. Max. Min. Max. Min, Max. Units
tsup Flip-Fiop Data nput Setup 04 05 1.0 ns
tsuaSYN Flip-Flop Asynchronous Input Setup 1.0 1.5 20 ns
tsup Latch Data Input Setup 04 05 10 ns
tsuasYN Latch Asynchronous Input Setup 1.0 15 20 ns
tvo Flip-Fiop Data input Hold 00 00 0.0 ns

D tatch Data Input Hoid 0.0 0.0 0.0 ns

1SUENA Flip-Flop Enable Setup 5.0 6.0 75 ns

tWCLKA Flip-Flop Clock Active Pulse Width 75 8.25 9.0 ns
waASYN Flip-Fiop Asynchronous Pulse Width 75 8.25 90 ns

ta Flip-Flop Clock tnput Period 18.0 200 220 ns

e input Buffer Latch Hold 20 25 25 ns

tinsu Input Butfer Latch Setup -25 -30 -35 ns

touTH Output Bufter Latch Hold 00 0.0 00 ns
toutsu Output Butter Latch Setup 04 05 1.0 ns
aax Flip-Fiop Clock Frequency 480 430 39.0 MHz

Nute:

1. Daiaapplies 1o macros based on the sequential (S-type} module. Timing 2. Setup and hold uming parameters for the Input Buffer Latch are
parameters for sequential macros constructed from C-type modules can defined with respect 10 the PAD and the G input. External setup/hold
be obtained from the ALS Timer utihiry. timing parameters must account for delay from an external PAD sicnal

1o the G wputs.
Delay from anexternai PAD signal to the G input subtracts (adds) ta the
internal setup thold) time.

12
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ACT 2 FPGAs

A1280 Timing Characteristics (continued)
/O Buffer Timing (Voo = 5.0 V: T, = 25°C: Process = Typical: Derating Required)

Parameter Description FO = 1 FO = 2 FO =3 FO = 4 FO =8 Units
v Pad to Y High 6.7 72 7.7 82 1.7 ns
tan Pad to Y Low 66 71 76 81 1.5 ns
UngH G to Y High 86 72 77 82 "7 ns
tinGL GtoY Low 6.4 69 75 8.0 11.4 ns

Global Clock Network (Vec = 50V; T, = 25°C: Process = Typical; Derating Required)

Parameter Description FO = 32 FO = 128 FO =384 Units
tonm Input Low to High 9.1 10.1 123 ns
e input High to Low 9.1 10.2 125 ns
town Minimum Puise Width High 8.0 6.0 6.0 ns
tewL Minimum Puise Width Low 6.0 60 6.0 ns
loksw Maximum Skew 05 1.0 25 ns
tsuexT Input Latch External Setup 00 0.0 0.0 ns
tuext input Latch External Hold 7.0 8.0 1.2 ns
te Mirmmum Period 15.0 18.0 20.0 ns
Ivax Maximum Frequency : 66.0 55.0 50.0 MHz

Output Buffer Timing (Voe = 5.0V Ta = 25°C; Process = Typical; Derating Required)

Parameter Description TTL CMOS Units
o Data to Pad High 46 6.7 ns
tor Data to Pad Low 65 49 ns
tenzn Enable Pad Z to High 83 83 ns
tena Enabile Pad Z to Low 55 55 ns
tennz Enable Pad High to Z 45 45 ns
tenz Enable Pad Low to Z 6.0 6.0 ns
aw G to Pad High 46 46 ns
torL G to Pad Low 6.5 65 ns
dny Deita Low to High 0.06 0.1 ns/pF
Ory Delta High to Low 011 0.08 ns/pF

k)
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32

A1280-1 Timing Characteristics

Propagation Delays (Vcc = 5.0V: Ta = 25°C; Procest = TW:M"OMW)

Parameter Desocription Output Net FO = 1 FO=2 FO =3 FO =4 FO=8 Units

oot Single Module Critcal Net 39 43 48 53 - ns

tept Single Module Typical Net 49 53 5.7 70 10.0 ns
te02 Dusl Module Critical Net 75 8.0 85 9.0 - ns
ep2 Dual Module Typical Net 79 83 87 100 130 ns
\co Sequential Cik t0 o] Critical Net 39 4.3 48 53 - ns
o Sequential Cik 10 Q Typical Net 49 53 57 70 100 ns
teo Latch G0 O Critical Net a9 43 48 53 - ns
‘a0 LachGw C Typical Net 49 53 5.7 70 100 ns
[ Asynchronous 10 O Critical 39 43 48 53 - ns
tep Asynchronous 10 Q Typical 49 53 57 70 100 ns
Sequential Timing Characteristics (over worst-Case Recommended Operating Conditions; No Further Derating Required)

Commerclal Industrial Miliary
Parameter Description Min. Max. Min. Max. Min. Max. units
tsuo Fiip-Fiop Data input Setup 04 05 10 ns
tsuASYN Flip-Flop Asynchronous Input Setup 10 1.5 20 ns
teun Latch Data Input Setup 04 05 1.0 ns
tsuASYN Latch Asynchronous Input Setup 1.0 1.5 20 ns
o Flip-Flop Data input Hold 0.0 0.0 0.0 ns
o Latch Data Input Hold 00 0.0 0.0 ns
SUENA Fup-Fiop Enable Setup 50 6.0 75
WWCUA Fup-Fiop Clock Active Pulse Width 6.5 78 9.0 ns
WASYN Flip-Fiop Asynchronous Putse width 65 78 90 ns
W Flip-Flop Clock Input Period 150 180 200 ns
("9 input Butter Lach Hold 20 25 25 ns
sy input Butter Latch Setup -25 -30 -35 ns
toutr Output Bufter Latch Hold 0.0 0.0 0.0 ns
touTsy Output Butter Latch Setup 0.4 05 1.0 ns
A Flip-Flop Clock Frequercy 55.0 50.0 450 MHZ

Note:

1. Dataapplics {o macros based on the 3¢q tial (S-type) module Timing 2. Setup and hold timing parameters for the Input Buffer Latch arc
parameters for sequential macros constructed from C-type modules can defined with respect 10 the PAD and the G input. External setup/hold
be obtained from the ALS Timer utility. timing parameters must account for delsy from an external PAD signal

1o the G inputs.
Delay froman external PAD signal 10 the G input subtracts (adds) 10 tbe
internal setup (hold) time.
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ACT 2 FPGAs

A1280-1 Timing Characteristics (continued)
1/O Bufter Timing (Vog = 50V: T4 = 25°C; Process = Typical; Derating Required)
Parameter Description FO = 1 FO =2 FO =3 FO = 4 FO =8 Units
YnvH Pad to Y High 6.1 6.5 59 7.4 105 ns
tinvL Padto Y Low 59 6.4 6.8 73 10.4 ns
YNGH G to Y High 6.1 6.5 59 7.4 105 ns
tnaL GtoY Low 59 6.4 6.8 7.3 10.4 ns
Gilobal Clock Network (Vec = 5.0 V; Ta = 25°C; Process = Typical; Derating Required)
Parametsr Description FO = 32 FO = 128 FO =384 Units
ckH Input Low to High 7.8 8.7 104 ns
o Input High to Low 7.8 88 106 ns
town Minimum Puise Width High 51 55 6.0 ns
towt Minimum Pulse Width Low 5.1 55 6.0 ns
texksw Maximum Skew 05 1.0 25 ns
tsuexT Input Latch External Setup 00 0.0 0.0 ns
bexT Input Latch External Hoid 70 8.0 11.2 ns
t Minimum Penod 120 15.0 16.6 ns
franx Maximum Frequency 80.0 66.0 60.0 MHz
Output Butter Timing (Ve = 50 V; T4 = 25°C: Process = Typical: Derating Required)
Parameter Description TTL CMOS Units
town Data to Pad High 46 67 ns
tome Data to Pad Low 6.5 49 ns
tenod Enable Pad Z to High 8.3 83 ns
tena Enable Pad Z to Low 55 55 ns
tennz Enable Pad High to Z 45 45 ns
tentz Enable Pad Low to Z 60 6.0 ns
o G to Pad High 46 46 ns
tom G to Pad Low 65 65 ns
drin Deita Low to High 0.06 0 ns/pF
drnaL Delta High to Low 0.11 0.08 ns/pF
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SECTION 3.4
Calculation of Current Density
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JPL Beta=-12 A128C FPGA
22=JUN-1592 12:12:23.82
Source file: Betali.l:H44
Post 500 hrs

Functional test params: Vcc
tté4.5

Functional test params: Vcc
ft4.7

Functional test params: Vcc
.ft5.0

Functional test params: Vcc
tt5.2

Functionzl test params: Vcc
ft5.5

Example

Jdstecode:

4-50v’

‘0.?5Vl

SCCOV’

189

9143

Vih

Vih

Vih

Vih

Vih

(v

Page:

vil

vil

Vil

Vil

vil
c

C.00v Tc¢

C.00v Tec

C.00v Te

C.00V Tc

C.00V Te¢

2S5 Ser #: 3

1000.0ns.
pass

1000.0nsS.
pass

1000.0nS.
pass

1000.0ns.
pass

1C00.0ns.
pass

PREGEMI PaGe Biank ROy #ILMERD



JPL Reta-12 a128C FPGA Temp:
22=JUN=1562 12:12:25.47 Catecode: G143 Fage:
Source file: EBetal12.,C:Héé

Post 500 hrs

VOH params: Vcc = 4.5Cv, vih = 2.000v, V1l = 0.300V, 1o =
Limits: 3.70C V minirum, S5.500 V maximum.
<0 4e210 v 3l 4Lo.205 V C2
Q3 4.18 v «08 4,205 V g8
Qe 4,203 v Q35 L,19C v TOUTA
QOUTA 4.¢05 v TOUT3 4,207 V QouTe
MKTOUT GbeolS V MKCUT®8 4,205 V MMOUT
COouT 4,162 V PO 4,133 ¥ P1
P2 4.190 v Pl 4,193 V PL
PS5 4.203 v Pé 4,200 Vv P?
DECO 4,188 ¥ DECH 4,203 Vv CeC?
DEC3 4.200 v DzC4 4.,19C Vv CECS
OECo 4o2C03 ¥ DEC? 4182 V DECS8
DeECO L1933 ¥ JEC10 4,198 ¥ DEC11
DEC12 4,203 v OEC13 4.161 V CEC14
CEC1S 4.200 Vv DEC1s 4,198 V CEC17?7
CEC1& 4205 V CECHS 4,198 V CEC20
CEC21 4.158 v DEC22 4,198 V CEC22
DEC24 4.150 Vv ZEC25 4.19C v CEC2¢
CEC27 4,155 v CEC28 4,19C Vv CEC2S
DEC3C 4e.2C5 v DEC31 4.183 v DEC32
DEC33 4L,2C7 Vv CEC24 4.,20C Vv DEC3S
CEC36 4,203 v DEC37 4,212 V DECIR
DEC3? 4193 v MOULT4O 4,198 Vv MOUTSY
MOUT42 4,203 v MOUT&43 4e205 V MNOUTA4L4
MOUT4S 4,200 V MOUT46 4.158 V MOUTAL?
- DECOB 4.188 v DEC18B 4.193 V DEC28
DEC38B 4,203 v DEC4E 4,202 V CECS®
DECéB 4,183 v CECT7E 4.,20C Vv CECBE
DECY8 4,190 v DEC10E 4.207 V CEC118
DEC128 4,195 Vv DEC138 4.200 Vv CzC148
ceC1s53 4.203 v DEC168 44,203 V CEC178
CEC188 4,203 v geC198E $.205 Vv cecacCs
CEC213 44200 v DECZZB 4.181 Vv CEC228
CECR438 4150 v DeC25% 44205 V CEC2¢R
DEC278 4,18 V DEC288 4,183 V CEC268
- DEC30B 4.188& Vv DEC318 4e188 V CEC3ZH
DEC33B 4.185 vV DEC34d 44,205 V CEC3SB
DEC3é8 Lo210 Vv DEC378 4.215 V CEC388
DEC3%8 bocC5 v ouUT4OB 4,205 v CUT418B
QUTAL28 4,205 v QUT43B 4,207 V QUT4L4B
QUT4SB 4,205 Vv oUTL68 L,205 V oUT478
VOH params: Vecec = 4475V, Vih = 3.000v, Vil = 0.C00V, Io0 =
-Limits: 3.70GC V minimum, S5.500 V maximum.
GO Lodb9 V Q1 Lobhod V ¢2
¢3 Lboalbd7 V¥ Q08 Lobé? V g18
G288 L4067 v <38 4.45Q Vv TOUTA
QOUTA L4667 v TOoUTE Labt69 ¥ COUTE
MKTOUT Lob69 V¥ MKOUTS b.e64 V MMOUT
couT b 459 V PO oS5 V P1
P2 L,452 vV P3 L 455 V P4
PS bobb6T V P6 Lobb2 V p?
"CECO 4,450 v DECH Lobb4 V DEC?2

190

25 Ser #: 3
2

-AICOOMA.

L- 205
4.210
4.210
4.207
4.158
4.203
4.200
4.200
4.193
4.200
4.188
4.212
4.210
4,198
4.193
4.195
4.195
4.198
4.203
4.195
4.205
4.212
4.198
4.203
4.198
4.181
4.203
4.210
4.205
4.200
4.203
4.207
4.210
4195
4.205
4.207
4.2C5
4.205
AQZOO
4.207

-4 .000mA,

L 467
4,672
4. 469
4 467
4,459
hobbb
4,462
hab62
4455

< € € € <<

< <

€< € € «K € € << <<<<<<<<<<<<<<<<<<<<<<<<

PEEEXEEE RS



CEC3
CECS
DEC?
DEC12
. DEC1S
CEC18
CeEC21
CECZs
DECR7
DEC3G
DEC33
DEC36
CeEC3s
. MOUT4?
MOUT4S
DECOB
DEC3B
DECeo3
DEC?IB
DEC1238
CeEC158
DEC1&3
- DEC218
0eC248
DEC27s
DzC308
CEC333
DEC3¢8
DEC39s
CUT428
OUT4538

VOH params:
Limits:

¢o
3

<28
<0UTA
MKTOUT
CouT
P2

P5
SECO
GEC3
CECeé
CECY?
SEC12
CEC15
" JEC18
" DECZ1
CEC24
CEC27?
C2C30
CEC33
CEC36
DEC3?
MOUT42
MCUT4S
"DECOSB

b.452
bobbs vy
4.6452
4,467 v
4,462 y
botbs v
4,459
4450
4,657 v
4469 y
babby v
b.664 v
4.455 v
4.464
Lbatbb2 y
4.45C v
L YA
babdS5 y
44450 v
4457 v
L YARRY
b.464 v
4462 v
4450 v
40447
4.450 v
4.447 v
4,409
4,467 y
boub?7 v
4.467 v

Veec = S.CGv, Vih
3.70C v minimrum,

4.731 v
4.704 v
4.726 v
4.725 vy
b,72¢ v
4716 y
4.714 v
4720 ¥
4.711 v
4e721 v
b.724 vy
4.711 v
b.726 v
“e721 v
4,725 v
4.719 y
46,709
4,716 v
4,728 v
“e?7286 ¥
4.724 v
4,716 y
4.72¢ v
Lbo724 v
4.709 vy

DEC4 4,450
JEC7 4.450
CEC1G 4459
JEC13 babeC
DEC1s bobé2
DEC19 bda4 55
DEC2:? 4e459
DEC?ZS bat52
CECesr 4.45C
DEC31 .44
0EC34 NNY:
J8C27 4eb7c2
MOUT4C 4.456
MOUTSGZ bbb
MCUT45% ba482
CEC1: bed52
DEC4: b.bby
CEC?78 4b.462
OEC103 Lbabb?
DEC13e bobb2
DEC168B YA
DEC19= bolt?
DEC2:¢E 4445
CzC255 Lab 6?7
LECegx>2 WAL
LECZ1s G.b47
C=C245 b.b54
0sCz273 “e47?
CUT( (5 4467
0UT4 3¢ Louby
OUT456¢ babby

= SCOODVI Vll =
5.50C v maximum,
wl L.72¢
CCe “.720
< 3E 4.70¢%
TOUT3 4.72¢
MKCUTs 4,72
PO 4.714
P3 “e?714
Fé 4.721
SeC1 4724
JEC4 4.706
DEC? 4$.709
DEC10 4721
DEC13 4477
DeC1s 4.721
DEC19 4.716
DEC22 46.721
OECes 4.709
DEC24 4.711
D2C31 4.704
02C34 L.721
OECZ27 4.731
MOUT4LO 4.721
MOUTSL3 4724
MOUTG 6 L.721
DEC138 4.711

191

v

v
v

v
v
v
v
v
v
v
\
v
v
v
v
v
v
v
v
v
v
v
v
v
v

LECS
CECS
CEC11
CEC14
CEC1?
Lecao
LEC23
CEC2¢
DEC29
CEC32
CEC3S
CEC3s
MOUT4
MOUT 4
MOUT4?
CEC2e
CECS3
CEC8E
CeC118
CEC148
CEC178
CEC208
CEC23e
LEC2¢8B
DEC2%+
CEC32s8
CEC3Sa
CEC3¢B
CUT418
CUT44R
CUT478

e

C1s
TOUTA
CouTs
MMOUT
P1

P4

P?
Cec?2
CECS
DECB
DEC11
CEC14
DEC17
CEC2C
DEC23
CEC26
DEC29
CEC32
CEC3S
CEC3s
MOUT41
MOUT 44
MOUTS?
CEC28

0.000V' IO = -6.C00"A'

4.726
4.731
4721
4.726
4.721
‘.72‘
4.72¢
6.721
4.714
4.721
4.711
4.733
4.7%1
4.721
4.716
4.716
4.719
4.719
4.724
4.719
4.726
4.736
4.719
4.726
4.719

<
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pecC38
cecos
peECSB
DEC128
. DEC158
CEC168
ceczaie
DEC248B
CECZ278B
DEC3C3
DEC338B
CEC368
peEC398
.0UT428
OUT458

voHr params: VYcc = SecSVys
3.70C vV minimume

Limits:
Q0
Q3
Q28
_QouUTA
MKTOUT
CouT
P2
PS
DECO
DEC3
pCeCé
DEC?Y
-pec1e
DEC15
CEC1E
pEC21
DEC24
CeC2?
L=C30
LeC33
CEC3¢
T DEC3Y
MOUT&Z
MOUTGLS
CECOB
c:zC3b
pDeEC6E
DECYE
pDEC1<3
DEC158
0EC1€3
-CeEc218
pDEC246
DEC278
DEC3CE
DEC338B
LeC3és
DEC398
QUT4L2B
cUT453

L,T726
4,704
4,711
L.716
L7202k
L7264
L,Tck
4.70%
4,706
4.709
4.706
4.728
4,720
LaT72¢€
4726

L4.980
4.561
44985
Le¥585
4,588
4,578
Lay71
4.%85
4L.966
4,980
46983
4971
4he985
4,585
L.985
L 978
4L.968
L.975
4.986
4.,7b0
4458%
L4773
4,583
4,583
L9066
4,935
4.553
4.568
4573
4,582
44983
4.580
4.760
4,963
Lo9b60
ba900
4.98b
4.585
4.985
4,985

v
v
v
v
v
v
v
v
\j
v
v
v
v
v
v

v

v
Y
v

v
v
v
v
]
v
v
v
v
\j
v

v
v
v
v
v
v
v
v
v
\i
A
v
\j
\j
v
v
v
|
v
v
\j
v
v
v
v

Vih =

DECLB

GECT7E

pEC108
DEC138
DEC1¢B
DEC198
DEC223
DECZ5¢E
pDeCcEe
DEC318B
DECZ348B
DEC373
OUT40E
OUTAZZ
pUT&4S8

3.C00V,

4, 72¢
h.724
L.728
4.72‘
L,T24
4.726
4,704
Le72¢
4,704
4.70¢€
L. 72¢
4., 73¢
LoT2¢
L4728
L.T72¢

vil = 0.C30Vv,

5,500 V maximum.

Q1

Q08
Q3
TOUTE
MKCUT?S
PO

P3

P&
DECH
DECS
DEC7
DEC10
DEC13
pDEC1¢
peEC1y
peCeaz2
DEL2S
peCak
CEC31
0eC34
DEC37
MouT4C
MOUTS3D
MOLTLS
DEC1E
DEC4S
CEC7s
DeC108
CEC133
DEC168B
peC1958
DECZZB
DECZSE
DEC2E3
DEC318B
DEC348B
DEC37&
ouT4(B
0UT438
QUTLEB
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L4e985
L,985
L.968
4,985
4985
4,972
L9976
4,9%0
4,983
4L.90¢
L.966
L 978
4,934
4.98C
L9771
4L.%80
4.906%
4L.966
4.961
4,550
4,590
4.93C
4L.985
4,920
4.971
4,985
4,930
4, 98E
4.980
L.9233
L.985
4 962
4,985
4,961
L9666
4,985
L.993
L.988
L,988
44985

v
v
v
v
v
v
v
v
v
v
v
v
v
v
v

Y
v
v
v
v
v
v
v
v
v

v
\)
v
v
v
v

v
v

v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v

CECSE 4.702
ceCas 4. 721
CEC118 4,731
DEC14B Lo726
DEC178 4.721
cec2cs L.726
CEC238B 4,728
CEC2¢" 4,731
CEC2%® L7146
CEC328 4.728
CEC3EB L.726
CEC3E&B L4.728
CUT418 4.726
CUT4L43 4.721
QUT4LT8 4721
lo = =4.C00mA.
a4 4.5985
c18 4.990
TOUTA 4.990
couTe 4.985
MMOUT 4.978
P1 4.980
P4 4.980
P7 4,980
CEC? L.973
CECS 4.980
DECS8 L,968
CEC11 4,990
£eEC14 4,588
CEC17? 4,980
CEC20 Lo976
CEC23 4,976
CEC2¢ 4.976
£eC2¢ L.976
CEC32 4,983
CEC3S L.976
CEC3E 4L.988
MOUTG L.993
MOUTLA 4,980
MNOUTGT 4,983
CEC25 4,978
CECSE L9614
CECBE L4.983
CEC118 4.990
DEC148 4L.985
DEC17B 4.980
recz2cCse L.985
cecele L.988
CEC268 L5988
CeCc2%8 4.971
LEC3Z8 L., 985
CEC3SE 4.585
CEC3EB L.583
QuUT418 4,985
QuUTL4B 4,980
cUT478B 4,988

<<<<<<<<<<<<<<<

<<<<<<<<<

< < <<<<<<<<<<<

<<<<<<<<<<<<<<<<<<



-

vVOH params: Ve
Limits: 3.,70C
Qe
. Q3
Q28
QOUTA
MKTOUT
cout
P2
PS5
peco
DEC3
pDeCé
DECY
DEC12
DEC1S
DEC18
peca21
CEC24&
geca’?
pDEC3O
. DEC33
DEC36
CEC39
MOUTALZ
MOUT&S
pECOB
peC3B
peCésd
CEC98
. pec128
DEC158
CEC188
ceEC218
CEC24B
peca7s
CEC3CS
CeC338
0EC36B
cec3sgs
QuUT4LZlB
OUT458

c = 5.5CV, Vih = 1,000V, Vil =
$.500 V maximume.

V minimums

5.247 V

5.218
Sack2
Sa245
S.245
5.237
5.230
S.chi
5.223
5.235
S.242
5.c27
S.245

ISTSES LR
P I I S A
NV RCRV, v

v
v
v
v
v
v
v
v
v
v
v
v
v

v
v

v
v
v
v
v
v
v
v
v

v
v
v
v
v
\j
\j
v
v
v
v
v
v
v
v

Q1

QO¢&
Q3t
TOLTE
MKCUTDB
PO

P32

P6
DECA
DECL
peC?
DECAC
DEC13
JEC1S
DEC19
DECZZ
pECZS
DEC2E
pEC31
DEC34
NEC3?
MOUT 4O
MOUT&3
MouLT&é
DECAS
DECLE
DECTH
DEC1GH
DEC138
DEC1¢€3
DEC1¥2
DEC228
DECZSE
DEC2ER
DEC21E
DEC3I4LB
pEC372
ouUTule
OUT4L3R
QUTGLOE
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5,242
5.245
£.223
5,247
Sechd
5,232
5.23¢
5,237
5.24C
£.223
5.223
5,237
5.188
€ ,237
5.237
5,235
5,225
5,225
5.22C
5,240
5.25C
5,237
5.24C
5.24C
s.227
€ 2465
5,240
3.267
5,240
5,242
5.245
5,223
5,245
5.,21E
5.,22C
5,242

O-COOVI

v
v
v
v
v
v
v
v
v
v
v

v
v
v
\]
v
v
v
v
v
v
v
v
v
v
v

v
v
v
v
v
v
v
v
v
v
v
v
v
v

1o = -4.COOmA.

2 5.242
c1e 5,247
TQUTA 5,247
QouTe 5,247
wMouT 5,237
P1 5.240
Ph 5,240
P7 5.240
peC? 5.230
LeCs 5,240
LeCe 5,227
CECTY 5.250
CEC14 5,247
CEC1? 5,237
cec2C 5.235
CEC23 5,215
CEC26 5.232
CEC2S 5.232
CEC32 5.240
LEC3S 5.232
CEC3E 5.245
youTLl 5,250
MOUT LS 5,237
MOUTAL? 5,240
CEC28B 5.232
peCS® 5.215
cecse 5.240
CEC11E 5,250
CEC148 5.245
CEC178 5.240
cecacs 5.242
CEC238 5.245
CEC2¢8 5,247
CEC268 5.230
CEC328 5.245
CEC3SB S.242
CeEC3es 5.242
ouTL1R 5,262
CUTLGB 5.237
CuT4TB 5.245

v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v

v
v
v
v
v
v
v
v
v
v
v
v



JPL Beta~12
2¢~JUN=1962 12:12:46.47
Source fjile:
Post 500 hrs

YOL params:
Limits:

o
3
28
QouTA
MKTOUT
Cour
- P2
PS5
DECO
CeC3
Lece
DECY
Cec12
DEC15
DeEc18
-DEC21
DECZ24
CEC27
DEC30
bEC33
CEC3e
DeC39
MOUT42
MOUT4S
- CECO®
. DEC3s
CECsB
DECY9B
CzC12s8
£EC15:z
DEC188
LeCa21s
OEC43
-LEC27s
- bEC3Cs
CEC33s
CZC363
GeC39s
QuTs423
CUT458

VCL params: Vzc = 4

-Limits: €C.0CC v minimum,

("V)

Q3

Q28

CouTa

MKTOUT

cour

P2

PS5
“CECO

A128C

FPGA
Catecode:

Sete12.C:1H44

G.0CC v minimum,

127.0my
137.0mv
137.0my
141.9my
13G.4my
135 .4mv
134.5my
127.0my
137.0my
134,5mv
1327.Cmyv
134.5mv
137.Umv
139.4mv
127.0mv
134.5my
132.1mv
136.5my
161.my
1235.4my
135.4mv
141.%5my
136 . 4my
124.5my
134.5my
136.4my
134.5my
137.0mv
126.4myv
137.0mv
137.0mv
124.5my
124 ,35my
1346 .5my
134.8my
127.0nmv
13’3.Amv
124.5my
144.3my
127.0Umy

132.1my
134.5my
132.1mv
137.0my
134.5my
137 .0mv
122.1myv
132.1mv
122.1myv

w1
<O¢
w36
TOUTH
MKOUT
P2

P2

Pé
JEC1T
DECY
UEC?
DEC10
DEC1>»
DzC1»s
CEC13
JECZe
DEC¢3
DEC2:
0eC 21
UEC34
DECZ2?
MOLT4Q
MOUT43
MOUT4 6
CEC1e
BEzC43
vECT7:
DEC1C2
2eC123

($4)

OUT432
OUT4 6B

.75V: Vlh = 3-OCOVI

<1
<08
Q33

TOUTS
MKCUTS
PO

P3

P6
DEC1

194

9143

134.5mv
137.Cav
139.4my
139.4my
1334y
134,.3mv
164v.2myv
137.0mv
135.4my
139.4mv
135.umy
134.5my
159.Cmv
134.5mv
124 .5nv
134.5mv
137.Crv
134.5my
134.5nv
134 .5my
136.4my
137.Cmv
141.5myv
137.Cmv
134.5mv
129.4mv
137.0mv
127.Cmv
1X5.4my
139.4my
137.Cmv
154 ., 1mv
127.Cmv
137.Cav
134 ,5my
127.Cay
T4l.Sny
137.0my
137.Cmv
139.4my

122.1av
134.5my
137.0myv
134.5my
134,.5mv
1eS.emy
144.3my
134,.5my
137.Cmy

Temp:
Page:

Vee = 4.50v, Vih = 3.000v., Vil = C.ocov, Io =
400.0nv maximum,

2
c18
TOuTA
couTa
MMOUT
P1

P

P?
CEC2
DeCs
CECB
CEC11
CEC14
CECT?
DEC20
CEC23
TeEC26
LEC29
CEC32
LEC3s
CeC3a
MOUT41
MOUT4L4
MOUT47
DEC28
DECSB
CECBS
DEC118
CEC148
DEC178
CEC2G8
CEC23g
CEC268
CEC2S8
CEC3z8
LEC353
CEC3ep
CUT41B
CUT44R
CUT478

Vil = C.CCovV., Io =
4C0.0myv maximum.

c2
C18
TOUTA
QouTe
MMOUT
P1

P4

P7
CEC2

25 Ser #: 3
K

6.C00ma.

134.5mv
139.4my
141.9mv
139.4my
139.4my
137.0mv
134.5mv
134.5my
137.0myv
141.9my
159.0my
137.0my
141.9my
134.5mv
137.0mv
137 .0mv
134.5my
132.1mv
137.0mv
139.4my
137.0my
139.4my
137.0mv
141.9my
134.5my
134,.5mv
137.0mv
139.4my
139.4my
134.5mv
137.0mv
139.4mv
137.0mv
134.5mv
137.0my
141.9mv
1641.9mv
134.5mv
139.4my
137.0mv

¢.CO00ma.

132.1mv
134,.5my
134.5my

134, 5mv
134.5mv

132.1my
129.6my
129.6my
132.1mv



CecC3
Celo
CECS
0ec12
_CEC1S
LsC18
CeC21
CeC24
cecar
CeEC3C
DeEC32
LzCsé¢
LeC3s
. MOUT4 2
MOUT4S
CeCOs8
DecC3B
Lecés
DeCos
o0elC1z8
DeC158
DEC188
-CEc21s
DEC24p
Cece?s
DEC3Cs
DeC335
DEC368B
CEC358
0UT428
0uT458

VOL params:
Limits:

GO0
Q3
gés
gouTa
MKTOUT
T CouUT
- P2
PS5
CECO
DEC3
CECo
LECY
CEC12
CEC1S
"DEC18
- DEC21
DEC24
CeEC27
DEC3C
CEC33
CeEC36
DEC39
MOUTS 2
MOUT4S
" DECOS8

132.1my
132.1myv
129.6my
132.1mv
139.4my
134.5mv
125.6mv
127.2my
132.1myv
13%9.4my
134.5mv
134.5my
134.5my
134.5my
125.6myv
129 .6my
134.5mv
12%.6mv
132.1mv
134.5mV
134.5mV
129 .6my
1¢5.6mv
12%.¢emVv
12y .6my
125.6mv
134.5my
134.5my
122.1my
139 .4my
134.5mv

Vee = 5.,CCV, Vih =
0.00C V minioum,

129.6mVv
125.6mVv
129.6mvV
132.1myv
132.1myv
122.1my
127 .2mv
127 .2mv
127.2my
127.2mV
127.2my
124.8mV
127 .2mV
134.5mv
129 .6myv
127.2myv
124.8mv
127 .2mV
13‘.5mv
132.1my
132.1mV
132.1mv
129.45my
127.2mv
124.8myv

DzC4
DEC?
DECI10
DEC13
JEC16
DEC1S
LECZc
fecds
0ECc8
0L
0EC24
0elC37
MOUT 40
MOUTLS
MOUT46
DECT1E
DECLS
QEC739
Dz=C108b
JEC138
DEC1é3
DEC1%3
0EC228
DEC253
DeCZBE
DEC2168
DEC34b
DEC37B
ouUT408
QUT423
0UT468

3.000v, vil =

134.5mv
134.5nV
12.6mv
154.1mVv
122.1mv
129 .¢mV
125 .6mV
132.1my
132.1mv
129.émy¥
132.1mV
134.5mV
132.1mv
137.Cmv
134.5mvV
132.1mv
134 ,5mV
132.1mv
132.1mv
134.5mV
134.5mv
112.1mv
149.2mv
132.1mV
132.1mv
129.6mV
132.1mVv
139.4mV
132.1mv
134.5mV
134.5my

400.0mV meximum.

<1

“Oe
G3E
TOUTS
MKOUTEB
PO

P3

Pé
OECH1
DeECs
DEC?
DEC10
DEC13
DEC16
DEC19
DECZ2
DEC25
DEC28
DEC31
DEC34
OEC3?
MOUT4O
MOUTA3
MOUT46
DEC1E
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127.2mv
129.6mv
134.5mv
129.6mV
132.1mV
127.2mV
141.5mV
129 .cmy
132.1myv
129.6mv
132.1mv
124.8mv
149.2mv
127.2mV
124.8mV
127.2my
129.6mV
127.2cmV
127.2my
127.2mv
129.6mV
127.2mv
132.1mv
129.6my
127.2mV

C.CCOv,

CECS
CECS
CEC11
CEC14
CEC17
DEC20
CECes
CEC26
CEC26
CEC32
LEC3S
CEC3E
MOUT 41
MOUT 44
MOUTA?
CEC2E
CECS®
CECS®E
£eC118
CEC145
CeEC178
CEC2CS
CEC2138
DEC268
CEC258
DEC3:Z8
DEC3S8
PEC388
cuTL1B
CUT44B
CUT478

Io =

2

c1e
TOuTA
couTe
MMOUT
F1

P&

p7
DEC2
CECS
DECS
DEC11
DEC14
DEC17
CEC20
CEC23
DEC26
CEC2S
CEC3Z
DEC3S
CEC38
MOUT41
MOUT G4
MOUT4?
CEC28

137.0mv
154.1mv
129.6mV
137.0mv
132.1mv
122.1mv
132.1myv
132.1mv
127.2mv
1364.5myv
137.0mv

132.1myv

134.5mV

132.1mv

137.0mv

132.1mv

129.6mVy

134.5mv

132.1mVv
134.5mV

132.1MV

132.1mV

137.0mv

132.1mv

129.6mV
132.1mv
137.0mv
137.0mv
132.1myv
134.5mV
132.1mv

6.000maA.

127.2mv
132.1myv
132.1mv
132.1mv
132.1mv
129.6mv
124.8myv
124.8mv
125.6mVv
132.1mv
151 7my
127.2myv
132.1mV
127.2av
127.2mV
127.2mV
127.2mV
124.8mv
129.6mv
132.1mv
127.2mV
129.6myv
127.2mv
132.1nV
124.8av



DEC38
DECo8
DECY9B
DEC128B
. DEC158
DEC188
DECZ218B
pEC248B
CEC27B
DEC308
DEC338
DEC368B
CEC398
. 0UT42B
0UT4538

V0L params:
0.000 V minimum.,

Limits:

- MOUT42
MOUT4S
DECOB

DEC3B

DEC6B

DEC9B

DEC128
DEC158
' DEC188B
- DEC218
. CEC245B
DEC278
DEC3CB
DEC33B
DEC368
DEC398
0UT428
0UT4S58

132.1mVv
124 .8myV
129.6mV
129.6MV
129.6mV
127 .2my
124.8mV
127.2mV
127.2mV
124 .8mYV
129.6mV
132.1my
127.2mV
134.5mV
129.6mV

124.0mV
127.2mV
124 8mVv
125.6mV
127.2mV
127.2mv
124.8mV
124 .8mV
124-8mV
124.8mYV
124-8mv
122.3m¥Y
124.8mV
132.1mY
124.8mV
124.6mV
116.9mV
124 8mV
129-me
125.6mV
127 ecmV
129..0mV
127.2mV
122.3mv
122.3mV
127.2mV
122.3mV
124.6mv
127 .2mV
124 EmV
124 .8mV
12‘.6mv
122.3mV
124.8mV
122.3myv
127.2mV
129.6mV
124.5mV
132.1mV
124.8myV

DEC4LB

DEC78

DEC108
DEC138
DEC168
DEC19E
DEC228
DECZSE
CECZ285
DEC318
DEC348
DECS378
puT4CE
0UT43E
QUT4L6B

129.6mV
129.6mV
129 6mV
125.6mV
129.6mV
127 .2mV
146.EmV
129 .tmV
127.2mV
124 .8mV
127.2mV
134.5mV
129.6mV
129.6mV
125.6mV

vce = S.25Vs Vih = 3,000V, vil = 0.000v,

400.0rV maximume.

N

Q08
Q3B
TOUTE
MKOUTB
PO

P3

Pé
DECT
DEC4
DEC?
DEC10
DEC13
DEC16
DEC19
CEC22
PEC25
DECZ28
DEC31
DECZ4
DEC37?
MOUT4O0
MOUTA3
MOUT46
DEC18
DEC4LS
DEC78
pEC108
DEC138
DEC168
DEC198
DEC228
DECZ258
DECZ2&8B
DEC318
DEC348
DEC378B
ouUT408
QuUT43B
oUT&LéB
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124 .6mV
124.EmV
129.6mV
127.2mY
127-2mV
124 . EmV
137.CmV
124 . 6mV
129.6mV
124 .EmV
127.2mV
119.5myv
144-3mV
124 .8mV
122.3my
124.8mV
124.EmV
122.3mV
122.3mV
122.3mV
127 cnV
124 EmV
129.€mV
124 .EmV
126 .3mV
127.2mV
124 .8mV
124 .EmV
124 .EmV
127 .2mV
124 .EmY
141.9mV
124 .3mV
12&-EMV
122.3mV
124.8mV
129 .6mV
12702MV
127.2mV
127.2mV

DECSH

CEC8B

DEC118
DECI4LB
CEC178
pecz08e
CEC238
CEC2¢8
DEC26G8
CEC328B
DEC358
CEC3EB
cuTA41B
CuT4L4B
QUT478

Io =

G2

a18
TOUTA
gouTe
MMOUT
P1

P4

P7
BEC2
CECS
CECS
CEC11
CEC14
CEC17
pEC2C
CEC23
CEC26
CEC2S
DEC32
CEC3S
CEC3E
MOUT41
MOUT44
MOUT 47
DEC28
DECSS
CECS8B
DEC118
DEC148
CEC178
DEC208
DEC238
CEC2¢€8
DEC258
CEC328
CEC3S58
DEC388
ouT418
QUT 448
0UT4T7B

127.2mY¥
129.6mV
129.6mV
129.6mV
127.2mV
129.6mV
132.1mV
129.6mV
127-2ﬂv
129.6mv
134.5mV
13‘.5MV
127.2mV
129.6mV
127.2mV

6.C00mA.

124.8mv
127.2mV
127.2mV
129-6MV
127.2mV
124.8mV
122.3mv
124.8mV
127.2mV
129.6mv
146.8mV
122.3mV
129.6aV
122.3mV
124.8mV
124 .8mV
124.8mv
122.3mV¥
124.80V
129.6mV
124.8mV
127.2mV
124 .8mV
129.6mv
122.3myV
122.3mv
127.2mv
127.2aV
127.2mV
124 .8mV
124.8mV
129.6my
127 .2mV
122.3mV
124.8my
129 .6mV
129.6mV
124.8mV
124 .8nmV
124.8mV



VOL params:
Limits:
Q0
_ &3
28
couTA
MKTOUT
couT
P2
P5
CECO
CEC3
_CECS
DEC?
DEC12
DEC1S
CEC18
CEC21
DeEC24
DEC27?
DEC30
- 0EC33
CzC3s
LzC35
MOUT4 2
MOUT4S
DECOB
CeC3s
DEC6B
DeEC9o8
- DEC1¢B
. DeC158
CEC183
DECZ218
DeClan
£ECR278
DEC308
DEC338
DEC3é68
- DEC39s%
- 0uUT42B
QUT4S8

isb
isb

params:

isb
T isb

params:

isb
isb

params;:

isb
isb

params.:

isb
T isb

params:

VCC = S.SOVI
0.000 V minimum,

122.3IIIV
122.3my
115.5my
127.2mV
124.8mv
124 .8myv
115.9mV
122.3myv
12¢.3my
116.9myv
122.3mVv
115.9my
122.3myv
127 2mV
122.3mv
115.9my
117.4mV
122.3mV
127.2mv
124 .EmV
124 .8mv
124.8mV
124.6my
122.3mVv
119.9mv
124.8mv
119.9my
124.5mv
122.3myv
122.3mv
119.9myv
119.9mv
119.9mv
119.9mv
115.5mV
124 .8my
124.E8myVv
115.9mVv
129.6mV
122.3mv

‘.ch’

Vce

Vee 4.75v,

SOCCVI

Vcc

5-25v’

Vce

VCC 5.SCVI

Vih =

2.000v, vil

400.0wvV maximum.

w1

20t
Q3E
TOLTSB
MKOUTE
PO

P3

P6
DECH
QEC4
0EC?
DECI0
DEC13
DEC1¢
DEC1%
DEC22
DEC25
DEC2E
DEC31
DEC34
DEC27
MOUT4O
MOLT43
MOUT4S
DEC1E
JeCst
OEC78E
DEC1Cs
OEC138
DEC1468

DEC198

DECZ228
DECZ258
DECZ88
DEC318
CEC348
DEC378
0UT40S
OUT438
OUT46E

Ins=4.5Cvy,

Ins=4.75V,

In$=5.0CV:

Ins=5.25v,

Ins=5.,5Cv,

197

119.9mv
124.8mV
124.0mV
124 .EmV
124.2mV
119.9mV
134.5mv
122.3mV
127.2mV
124 .EmV
124.6mV
119.5mVv
164 ,2my
119.9mV
117 .4mVv
119.5mV
122.3mv
119.5mV
119.5%mV
119.%mvV
124 .2mV
122.3mV
124 .8mV
124 .8mV
122.3mV
122.3mv
122.3%my
122.3myv
124.EmV
124 .8mV
119.9mv
139.4mV
122.3mv
122.3mv
119.9mV
122.3mV
127.cmy
124.8my
124.3mV
122.5mV

Quts = OPEN.
C.000
Quts = QOPEN.
C.000
Quts = OPEN.
0.000
Cuts = QOPEN.
.000
Quts = OPcN.
0.000

= 0.C00v,

146.7u

16C.0u

19C.0u

230.0u

2‘0.0”

pass

pass

pass

pass

Io = 6-C00m‘.
C2 122.3my
Q18 124.8my
TOoUTA 124.8mV
couTs 124.8mY
MMOUT 124.8mv
P1 124 .8mv
P& 119.9myv
P? 119.9myv
CECZ 122.3mv
CECS 127.2mv
DECS8 144.3aV
CEC11 119.9mv
DEC14 127.2mV
DEC17 119.%9%ayv
DEC20 119.9mv
DEC23 122.3myv
DEC26 122.3my
DEC29 119.%myv
DEC3? 122.3mv
DEC3S 124 .8mv
CEC38 122.3mV
MOUTS1 124.8mv
MOUT G4 122.3mv
MOUTG? 124.8mv
DEC2® 122.3mv
CECSB - 11$.9mv
DEC8S 124.8mv
DEC118 122.3my
DEC148 122.3mv
DEC178 119.9mV
CEC208 119.9mV
LeCz238 124.8my
CEC2é8 122.3mv
CEC2%8 119.9mV
CEC328 122.3mv
CEC3S8 127.2my
CEC3ER 127.2mv
CuUT418 119.9mv
CUTG4LB 122.3my
CuT4?78 122.3mv

25.00m 13

25.00m 13

25.00m 13

25.00m 13

25.00m 13

pass



JPL Beta=12 A128C FPGA
22=-JUN-16%2 12:12:08.44 Catecode:
Source file: Betal2.C:Héd

Post 500 hrs

iil params: Vcc = &.50V, vin = 0.00CV
Ltimits: =10.0C0us mirimumes 1C.0C0ul
CLKA -Ce183n4 CLKE

NLOACD 0.GCCC » SEL

€SEL -0.18.n¢k PAB

MKTINA 0.C00 & MKTINS

tal ~0.C5%1na TAZ

G ~0.0é1nt «1

<3 CeC61nk <nE&

w23 -0.061naA Qe

iil params: Vecc = 4.75Vs Van = 0.C0V
Limits: ~10.0C0us mirimum, 10.0CC0UuA
CLKA C.CO0C & cLK3

NLOAC ~0e.122n8 Sel

ESEL “0.(61nA FAS

MKTINA -0.C61na MKTINE
.t Al G.CCC & £Ag

¢O -C.1e3nd <1

3 -0.122n4 QD&

e28 0.CCC ¢ c38

i1l params: Vecc = S.CCv, Vin = 0.00v
Limits: -10.CCCuff mirimums 10.0CCuA
CLKA 0.061nA CLKE

NLOAD 0.CC0 & SEL

ESEL D.12cn8 PAB

MKTINA 0.C0C & MKTINB

EA1 -C.122n4A EAZ

Q0 0.C00 a 1

3 -0.122n4 %08

G208 -G.122nk w3B

iil params: Vcc = 5.c¢5V, Van = £.C00v
Limits: =-10.0CCulf mairimums 10.0C0uA
CLKA “L.LoTnt CLKEZ

NLOAD -0.061n2a SEL

ESEL -U.12cnt PaR

MKTINA 0.000 a MKTINS

£al 0.C00 & EAc

Q0 ~C.Cb1na oy

Q3 D.1282n2 Qo8

«2B 0.C00C a <38

iil parems: Vcc = 5.5CVy, vin = 0.00V
Limits: =10.0CCuld mirimum, 1C.CCOuA
CLKA O.U61nA CLK3

NLOAD -0.205n8 SEL

£SEL 0.CCO a PAB

MKTINA -0.12¢n4 MKTINS

£A1 -0.122n4 a2

<0 -0.122nA <1

e3 0.C00 & 208

Q28 0.C00 & Q38

7143

maximum,
C.061na
-C.061nA
0-061"&
C.000 &
0.03C &
-0.122n4
-0.183n4
C.00C A

maximum,
0.041n4a
0.00C A
0.000 A
C.182n4a
c.00C &
-0.061n4
-0.122n4
-C.061n¢

maximume
0.0é1n4A
-C.061nA
0.061nA
0.00C &
€.00C A
-C.36¢énA
0.00C a
~{.12¢nA

meximume,
C.0CC A
C.000 &
0.061n4a
G.00C A
-C.0c1nA
-C.061nA
-0.122nA
C.00C &

meximume,.
-0.122nA
~C.122nA
0.00C &
C.061nA
0.000 &
C.061n4
-C.183n4
-G.061nA

198

Temp:
Fage:

NRESET
CMPSEL
TSE
EAQ
EA3

¢e

g18

NRESET
CMPSEL
TSE
EAD
EA3

Q2

c18

NRESEY
CMPSEL
TSE
EAQ
EA3

4

18

NRESET
CMPSEL
TSE
€80
EA3

C2

18

NRESET
CMPSEL
TSE
EAD
EA3

Q2

¢1s

25 Ser #: 3

&

~-0.061nA
0.000 a
0.000 A
0.000 a
-0.061nA
-0.061nA
-0.061nA

0-061““
0.000 A
-0.061nA
-0.061nA
-0.122nA
-0¢061nA
-0.061nA

0.CCO A
-0.122n4
-0.122n4
-0.122nA
-0.305nA
-0.183nA

0.000 A

0.C000 A
0.0C0 A
0.000 A
-0.C61nA
0.000 A
~0.183nA
0.000 A

-0.061n4A
0.000 &
-00122nA
0.000 a
0.000 A
-0.061nA
-0.122n4A



JPL Beta-12 A125¢C
22=JUN=15%2 12:12:27.5¢

Source file: Z2eta12.C:hé44
Post 500 hrs

FPGA
Catecode: 9143

iih Params: Vec = 4,.5CV, Vin = 4.50V
Limits: -1C.CCOul mirimum, 1C.JC0ul maximum,

CLKA C.305na CLk® C.122n4
NLOAD CeC61nA SEL Ca153na
ESEL CaCo6lna Pag C.244n4
MKTINA Ce122n48 MKTINS C.061n4
EA1 C.CCG & tAZ Cectdiéna
0 C.Z44na &1 Ce1%3n4a
Q3 U.CCO & Qe C.427n2
Wik C.123na w32 Ce244na
1ih params: Vecc = 4.75V, Vin = 4.75vy
Lamits: =10.0C0ut mirimum, 1C.0C0ul meximum.
CLKA Cacébbns CLKs C.00C &
NLOAD O.cbans SEL C.Ub1nA
ESEL 0.C00 a PAE Cal32nA
MKTINA C.C61nn MKTINE C.051n2
_EA1 O.C1n2 ZAC C.061n4
(o]0] 0.2C5n2 | C.2644nA
L3 0.C61na «0E .244n1
<28 0.C00 & o3 0.122n4
1ih params: Vecec = S.CCV, Vin = 2,00V
Limits: =-10.0C0uA mirimur, 1C.0C0uA maximum,
CLKA Uebl7n8 CLkz C.122nA
NLOAC O0.122n2a SEL -C.122n2
ESEL 0.122n24 FAB C.244n2
MKTINA C.Co1na MKTINS C.00C &
EAT C.CC0C & Ehg =C.061n4
Qo C.153n4 < Ce244na
L3 0.122n¢ o0z Calbcna
wio Ga.Co1na wit Cel122n2a
iin pzrams: vee = 2.25Vs vin = 5,25y
Limits: =15.CCCud mirimur, 10.0C0uA maximum.
cLXa UeSdyna CLxz C.00C a4
NLOAC C.C01ne SEL C.00C a
cSEL Cecbénli Pag C.122n4
MKTINA Ca122cn2 MKTINE Ca382na
£A1 C.Cé1na Eaz 0.00C &
oy O.12¢n4 a1 L.488n12
<3 C.C51na GOE 0.610na
<2B CeCt1na «38 C.182nt

1ih params: Vcc = 5,50V, Vin = 5,50V
Limits: -10.CCCud mirimum, 1C.0C0uA maximum.

CLXA UetBona CLKS C.061na
NLOAD Cel1E3na SEL (.183n4
ESZL D.183n2 PAB C.122n4
MKTINA C.C61NnA MKTINB C.366na
ta1 C.122n82 EAC C.061na
<0 Uecbina <1 0.305na
«3 0.183n8 J0¢ C.305nA
- §2s 0.Cé1n4 <3z 0.244nA

199

Temp:
Fage:

NRESET
CMPSEL
TS¢
tag
EA3

€2

<1e

NRESET
CMPSEL
TSE
EAC
EA3

2

18

NRESETY
CMPSEL
TSE
EaQ
Ea3

<2

¢1e

NRESET
CMPSEL
TSE
EAD
EA3

Q2

€18

NRESET
CMPSEL
TSE
EaQ
EAJ

L2

Q18

25 Ser #: 3
S

0.183n4A
0.183na
0.000 a
0.488na
=-0.061na
0.2644n2
0.C00 &

0.0é1na
0.000 a
024404
0.305nA
0.061na
002‘04"A
-0.061nA

0.000 &
0.061nA
00061!’\‘
0.366nA
0.000 a
0.244nA
0.000 a

0.0C0 a
-0.061naA
0.305nA
0.305na
0.122nA
0.305n4A
0.122n4

0.000 a
0.061naA
0.061n4A
0. ZLAnA
0.000 a
0-366'\A
-0.061nA



JPL Beta-12

source file:
Post 500 hrs

" jozl params:

¢o

Q3

28
QouUTA
MKTOUT
CouT

P
PS
CECO
DEC3
CECOS
CEC?
DECYZ
CzC15
CeC1E
.ceca1

DEC24
oeCe?
§zC30
CEC33
eC30
DEC3S
MOUT&2
MOUT4&S
DECGB
DEC3B
DEC6B
CECY9B
LEC1eb
CEC158
CeCl1&B
CECZ1E
{gECc4B
CEC2T7B
CEC308
DEC33B
DEC308
DEC398
oUT428
OUT453

iozl params:

. Limits: -10.0C0uA minimumes
'U.b10nb

Q0

Q3

Q28
QOUTA
MKTOUT
CouT
P2

PS

" DECO

a128¢C
22-JUN-1992 12:13:46.72
Beta12.C:H&4

vee = 4.50V,
Limits: -10.0C0uA ririmums

0.000 5

0.CO0 A

0.CCL A
G.000 &
e229nA
0.C00 2
0.C00
0.CCO
C.C00
0.C00 A
-1.22Cné
U.CCC &
0.G00 &
0.c1CnA
g.CCC 2
1.£29n8
J.CCO A
0.CCQ &
Jac10na
0.CCO &8
1.829nA
G.LCU &
1eteSnt
0.CJC &
0.CC0 A
0.C0C A
0.C0C &
-0.61CnA
~C0.t10nA
~0.610inA
0.C0O0 &
1.829n4
“0.610n4
G.CQ0 &
J.C0GC A
D.COC &
0-610“‘
0.C00 &
0.C00 4
0.C00 A

> P

0.C00 &
0.C00 &

0.000 4.

1.829n4
0.C00 &
0.C00 &
0.C00 &
0.G00 A

FPGA

vin = C.0CV

Cetecode: 9143

1C.0C0ulh maximume.

Q1

uose
o3t
TOUTB
MKCUTD
PO

P3

Pé
LzC1
DECS
DEC?
JeEC1 .
DEC13
DEC1E
DEC1Y
DECC2
DECe>S
DECZE
DECZ1
CECZé4
-zC37
MOLT&Q
MOUTLS
MOLT4o
DEC1E
0eCa4d
neECT:
peC1is

QUT 462

Vec = 4.75V, vin = C.00V

c.00C A
c.00C &
-0.61CnA
0.00C A
~U.61CnA
0.61Cna
2.435nA
0.00C A
~C.610nA
C.000 &
G.00C A
C.00C A
0.00C A&
1.829nA
C.000 &
0.000 4
G.00C a
C.61CnA
0.000 A
C.C0C &
C.000 &
C.00C A
0.00C &
C.000 A
C.00C A
(.00C A
C.61CnA
C.00C A
0.00C &
a

A

A

A

A

A

A

&

t.00C
c.000C
£.000C
C.00C
£.00C
C.00GC
G.00C
C.000
1.82%nh
0.00C A
0.00C &

10.0C0ud maximum.

Q1

Q0¢e
Q3e
TOLTS
MKOUTE
PO

P3

Pé
pecC1

200

€.000
€.000
0.000
0.000
c.000
c.000
1.829nA
0.000 A
0.000 A

PP PP

Temp:
Fage:

c2
c18
TOUTA
gouTe
MMOUT
P1
F
p7
CEC2
CECS
CECR
LEC1
CEC14
CECA7
CeC2C
DEC23
CEC26
DEC26
LEC32
CEC3S
CEC3E
MOUTS1
MOUTLG
MOUTL?
CEC28
CECSE
CECaB
£zC118
CEC14B
CEC178
cec208
CeC238
CEC268
£eCc293
CEC32B
CEC353
CEC3ESB
CUT41B
CUT44LB
CUT4L78

c2
G18
TOUTA
couTs
MMOUT
P1

P&

P7
DEC2

2% Ser #: 3

0.000
0.000
0.000
0.000
0.000
1.829nA
0.000 A
0.000 A
0.000 a
0.000 A
0.000 &
-0.610nA
0.000 A
-0.610nA
0.000 A
0.000 A
0.000 A
0.000 A
0.000 A
1.829n4
0.0C0 A
0.000 A
0.000 a
-0.610nA
0.0C0 A
0.000 A
0.000 &
0.000 A
0.610nA
0.000 A
0.000 A
0.000 A
-0.£10n4
-0.610n4
0.000 &
0.610nA
0.000 A
1.829nA
0.000 A
0.000 A

-3 - I 4

0.000
0.000
0.000
0.000
0.000
1.829nA
0.000 &
0.000 &
0.000 A

> P P> D>



DEC3
DECS
DECY
2EC12

_DEC1S
DEC18
cecC21
CEC24
veca?
DEC3C
CEC33
DEC30
DEC39

_MOUT&2
MOUT4 3
GECOB
DEC38
DECSSB
CECYSB
DEC128

" DEC158
DEC188

.DEC218B
DEC248
CEC278
CEC3CB
DEC335
CEC368
CEC368
CuT428B
oUT458

iozl params:
Limits:

&0
3
<28
LouTa
MKTOUT
couT
P2
P5
£eCo
CzC3
CECO
DECY
CEC12
DeC15
"CEC18
-LeC1
DEC24
DEC27
DEC3C
DEC33
CEC36
DEC39
MOUT4Z
MOUT4S
"DECOSB

0.C00 &
0.000 &
0.C00 &
~0.€610na
C.C00 &
0.C00 a
2.435n4
C.C00 2
“0.410n&
0.¢10ns
0.C0C &
daudond
0.CCC &
1.229n4
0.C00
0.C00
0.COC
0.CC0
C.C00
0.C0O0
0.COC
C.C00
1.829n
C.CCO
C.CCO
0.C00
0.CC0
0.CCC
C.C00
C.CO0O0
0.CCO

TP P DB>EBDDDPDPDEDDDED DD DD DD

VCC = S-OOVI Vln = C.COV
-10.CC0ul mirimum,

=1.220n2
0.CQ0 »
3.C00 &
C.CCO &
1.220na
0.CCC »
0¢.CG0
C.CCO
G.COC
0.CCO &
-C.610n2
0.C00 &
0.L00 &
0.c1Cna
0.CCO =&
1.829n18
0.CC0 &
0.€10n4a
0.C0GC &
0.000 #
1.625n4
0.000 4
1.220n4
0.C00 &
0.C00 &

> B>

DEC4
DEC7?
DeEC10
DEC13
DEC16
DEC19
DEC22
DEC2S
DEC2¢%
DEC31
DEC34
DEC37
MOUT 4D
MOUT43
MOUTA4E
DEC18
DEC4EB
DEC7¢8
DEC108
DEC138
DEC168
DEC198
DEC22¢8
CeEC258
DECZ 8B
DEC318
DEC348B
OEC378
0UT4(B
CUT4L 28
QUT4 68

C.000
C.000
c.000
c.00¢C
1.829%n
C.00C
0.00C
C.000
C.0ud
C.00C
0.03C
C.00C
¢.00C
0.00C
£.00C
C.000
0.00C
C.000
C.000
G.00C
-0.010n
C.000
C.00C
G.000
C.000
£.000
C.000
C.00C
1.220n84
C.00C &
€.00C a

PP BEERPDPPPPRDDEPI PDODD DBDEPD BB BPDDEDDDBPD

10.0C0ul maximum,

1

w0z
C3s
TOUTE
MKCOUTE
PO

P3

Pé
DECH
DEC4
DEC?
DEC1O
0EC13
DeC16
DEC19
DEC22
DECZ25
JECZ28
DEC31
DEC34
CEC37
MOUTA4G
MOUT43
MOUT4O
DEC18

201

C.000 A
C.00C a
~“0.c10nA
G.00C 4
C.LOC 4
C.000 A
1.829n4
G.GCaC &
C.000
.00C
C.00C
0.000
C.0C0 a
1.2829n4
C.000 &
0.000 a
C.000 A
0.%1CnA
0.000
C.000
0.000
0.000
C.00C
c.000
0.00C

> P> b

>k P Ik b D

CECS 0.000 a
CEC3 0.000 a
CEC11 -1.220na
CEC1¢4 0.000 a
DEC17 0.000 A
CEC20 0.000 a
CEC?23 ~0.610n4
CEC26 0.000 a
CEC?2¢9 0.000 a
CEC32 0.000 a
CEC3S 1.829nA
DEC3® 0.000 a
MOUTGT -0.610nA
MOUT44 0.0C0 a
MOUTLT 0.C00 a
Cecz22 -0.610n4a
DECSE ~0.610nA
CECRR 0.000 A
DEC118 0.610nA
CEC14B 0.610nA
CsC178 0.000 a
CEC2C8 0.0CO A
CEC228 0.000 a
peEC268 0.000 &
CECZSE -0.610nA
CEC328 0.610nA
DEC3SB 0.0CO a
CEC3¢E8 0.610nA
cuUT4L18 1.829nA
CUT 448 0.000 &
CUT4L78 0.0C0 a
Q2 0.000 a
¢18 0.0C0 A
TOUTA 0.000 a
gours 0.610na
MMOUT 0.000 A
P1 1.¢20nA
P4 0.C00 a
P? 0.000 A
CEC2 -0.610naA
DECS 0.000 a
CECS8 0.0C0 A
DEC11 =-0.610na
DECT14 C.¢610nA
OEC17? 0.C00 a
DEC2C 0.000 a
CEC23 0.000 a
DEC26 0.000 a
CEC?26 0.000 a
CEC32 0.000 a
CEC3S 1.829n4
CEC38 0.000 a
MOUT 41 0.000 a
MOUT4S 0.000 a
MOUTS&7 =-0.£610nA
CEC28 -0.610nA



DEC3B
DECG6B
DECoB
DEC1:c8
. DEC158
DEC1ESB
peczie
DECZ24B
DeECZ78
DEC3CS
DzC32%8
DeC3o8
DEC3938
QUT428B
JUT458

i02zl params:

0UT458

0.C00C
C.CO0GC
0.CCO
0.C00
0.CO00
0.CC0O
latl¥ni
D.CCu &
“C.010na
C.C0C &
0.C0QC &
C.COu &
G.CCU &
Cet1lna
C.t10n4a

> b D> D

>

VCC = SQESVI

Limits: =10.0C0ufl mirimum,
QO ~0.£10Nn4
<43 0.C00 &
Q2B C.CCU &
~QOouTA 0.(00 &
MKTOUT 1.8¢%n¢
CouT e l0 &
P2 0.C00 &
PS5 0.C0C &
CeCO 0.C00 &
DeC3 CecCU &
DECOS C.CCO =
CecC? 0.0CC &
. DEC1¢ D.CCC &
DEC1S 0.C0GC &
DEC1E 0.CQu A
peEC21 1.22¥nk
0zC24 G.CCO &
TECZ? 0.00C &
DEC3C 0.C000 &
LeC33 D.CO0Q 4
CeClo 1.225n8
OEC3% C.COC =&
MOUT&2 1.2z0UnA
MOUT4S 0.CCu &
CECOE JeCLOC &
0zC3e J.CCuL &
LcCéb U.000 &
pelCoye 0.CQ00 &
CEC1c3 Ce.LUu &
ZeC15¢c 0.LCu &
DEC1EE ~Ce€¢10ns
. OECZ218 1.829n4
tegCcad 0.CC00 &
Def278 -0.610na
CeC3C8 0.C00 &
CEC338 0.CO0 &
DECIéB 0.C00 a
0ZC3¥8 0.CCU &8
CUT«28 L.C00L 2
0.G00 &

pzCat C.000 &
LEC73 C.00C a
DEC103 0.000 A
DECT3E C.000 a
DEC143 0.000 A
JZC19E C.00L a
DECZ226B C.00C a
DECcEd G.000 &
D=CZ53 C.00C A
0EC3218 C.00C a
DECI43 C.00C &
CECIT78 C.00C A
QUTLU: 1.220nA
cuT41a 0.00C a
QUT4EB 0.00C A
Vin = C.G0CV
1C.0C0ulA meximum,

< C.00C a
«0t Ce610naA
<38 0.G00 &
TOUTE C.00C A
MKOUTE C.000 &
P C.u0C A
P3 1.226n4
Pe C.00C &
peC1 C.000 A
DECS C.0CC a
0=C7 C.C0C a
DECT1UC C.00C A
peC12 £.00C &
DEC1¢ 1.22CnA
JECTS C.00C a
DECZ2¢ C.00C a
DeECzes 0.000 A
DECZR C.000C &
J2C31 C.00C &
ocCl4 «e£10na
DEC37? C.00C &
MOUT&Q C.unC A
MOUTA43 Cec1Cns
MOUT46 C.03C &
0EC13 C.0CC A
oECLE £.000 A
DEC7:2 -2.61Cn 4
DEC1Q8 £.000 &
o9eC13¢ C.00C &
22C1o08 G.,00C &
DeEC198 £.000 a
DECZ22E C.610nA
DECZz58 0.000 A
DEC26B ¢.00C A
DEC318 C.61CnA
D=C348 0.00C A
DEC273 L.000 A
JUTwI: 1.829nk4
ouUT4 3R C.00C &
QUTLSS C.00C a

202

DECS®

pecCss

CEC118
DEC148
CECI78
CEC208
CEC212E
CEC248
CEC25E
CEC328
CEC3S5E
CEC388
ouUT41B
CUT4L4LB
cuT478B

Q2

c18
TOoUTA
COUTE
MMOUT
P1

P4

P7
CEC?
DECS
DECR
DEC11
DEC14
DEC17
Cec2c
DEC23
CEC26
CEC2S
LEC32
CEC3S
CEC3&
MOUT41
MOUT&G
MOUT4?
CEC28
CECSB
DEC3B
cec118
CEC148
CEC178
CEC2C8
CEC238
CEC263
DEC25B
CEC328
CEC3SR
CeC3ss
OUT418
CUT44R
CUTALTB

0.000 A
-1.220nA
0.000 a
0.610nA
0.000 A
0.610nA
0.610nA
0.C000 a
-0.610nA
0.000 a
0.000 A
0.610nA
2.439nA
0.610na
0.000 a

0.000
0.0C0
0.000
0.000
0.000
1.829n4
0.000 A
0.0CO A
0.000 A
0.0C0 A
0.000 &
-0.610nA
0.000 a
-0.610nA
0.000 &
0.000 &
0.000 a
0.000 a
0.000 &
1.829n4
0.000 a
0.0CO &
=0.610nA
0.000
0.000
0.000
0.000
0.000
1.220n4
-0.610nA
0.000 A
0.000 A
0.000 A
~0.610nA
0.000 A
0.000 a
0.610nA
1.829n4
0.000 a
0.000 A

-2 I IS I _J
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io0z]l params:

Limits: -10.CCQ0u2 mirimum.,
o “0.c10n2
¢3 C.C00 &
T ge2s 0.610n4
CouUTA C.CLC a
MKTOUT 1.32%n4
cour C.CCO &
P2 C.000 &
“PS J0.CC0O a
CECO 0.000 &
CzC3 C.CCC &
_DecCs “0.610na
DECS 0.CCL &
CEC1z C.C30 «
CEC1S C.COC a
DEC1¢ 0.CCT =&
DECZ1 2.439n4
CECc4 0.CCL &
DECZ27 C.CO0 »
DEC3C 0.000 &
.DEC33 C.CCO a
DEC3¢ 1.22Cna
DEC39 JdeCCC A
MOUT4 2 1.22Cns
MOUT4S 0.C0C &«
CECOER 0.C00 &
CEC38 ~Ua610ns
DECHE C.CCC &
DEC9B C.COC &
- DEC128 0.G0C »
. DEC158 ~0.¢610n2
CeEC188 0.C0C &
DEC218 1.829n2
CEC248 0.CCC ¢
CeEC278 =0.810n4
CEC3CB C.C0C &
DEC335 0.CCQ a
CEC3oR g.CCC »
-DEC3S8 J.COU &
-QUT4Cs 0.CC0 =&
0UT458 0.C0GC a

VCC = S.SOVI

Vin =

C.G0v

10.3CCua maximum.

Fs
J2eC1
GeCeo
otC7
CEC1D
JdEC13
UEC1s
CeEC19
2=C2:2
J28C25
DECZ>5
DEC21
DECZ4
CECZ7?
MOUT 4O
MOUTLZ
MOUT&6
OECT1E
DeECL=
DeC7¢k
DEC1GR
OEC128
DEC1ch
0EC152
CeCecz®

DzCessa

JECZ83
DECLZ1R
DECZ45
DzCI7¢
QUT40:
QUT433
OUT4os

203

C.00C
0.00C
C.000
ODat1lna
C.00C &
C.00C &
1e22%n4
C.000 a
-C.¢1Cna
£.00C a
0.00GC a
G.030C a
C.00C a
1.22CnaA
C.30C a
Cc.00C
C.09C
c.00cC
C.000 a
C.51CnA
C.61Cna
‘0.610nﬂ
C.000
C.000
0.00C
C.20C
C.00C
C.00C
C.CoC
c.000
0.000
C.00¢
0.00C
L.U0C
C.00C
C.CIC
G.COC
1.52%nA
C.03C a
C.00C =&

> >

> > >

P PP PR OED DD

2
c1e
TOUTA
coure
MMOUT
P1

P

0?7
cec?
Cecs
cecs
DEC11
CEC14
CEC17
CEC20
Cec22
LEC2¢
CEC29
CEC32
LEC3S
CEC3E
MOUT41
MOUT44
MOUT47?
CEC2R
CECSR
CECse
CEC118
DEC148
CEC178B
CEC2CB
CEC22B
CEC2¢8B
CEC2658
CEC32s
CEC358
LEC3Es
CUT418
CUT44B
CUT478

0.000 a
0.000 a
0.000 A
C.¢10na
0.000 a
2.439na
0.000 A
0.0C0 a
0.610n4a
0. 000
0.000
0.000
0.000
0.000
0.000
0.000
-1.220n4
0.000 a
0.000 a
1.829n4A
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.610nA
0.610naA
0.000 A
0.000 a
0.000 a
0.000 a
-0.610nA
0.0CO a
0.000 a
0.C00 a
1.220n4
0.C000 a
0.C00 a

PP DBEBDLL
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JPL Beta=12

A128C

22-JUN=1992 12:14:19.45

Source file:

Betal2.C:Hbdb

Post 500 hrs

'iozh params:
-10.CCOulA mirimums

Limits:
cO
Q3
Q28
CoUTA
MKTOUT
couT
P2
PS5
DECO
DEC3
CECS
CEC?
DEC1Z
CEC15
DEC18
DEC21
CEC24
pecav
£eC30
ceC33
DEC3o
DeEC39
MOUT42
MOUT4S
cecoe
DEC3B
DECHB
DECY8
CEC12B
CeEC158
DEC16B
pecz2ie
CEC248
CEC278
pecC3Ca
DEC338
DEC368
DEC393
QuUT&Z2B
QUT4S8

iozh params:

Limits:
co

Q3
G288
QOUTA
MKTOUT
couTt

P2

PS5

DECO

Vee = 4.30V,

0.610nA
0.C0C &
00610ﬂn
0.0C0O 2
1.529n4
0.CCO &
J.t10nk
D.610na
0.C00 »
O.010nA
~0.610n2
0.010!\9
0.C00 &
0.C00 &
0.C00 8
1.529n4
0.COC &
0.C00 &
0.C00C A
0.C00 &
2.439nk
G.C00 =~
1.220n4
0.C00 &
0.C00 &
0.C00 A
0.C00 A
0.61CnA
-“0«¢10NnA
0.C00 &
0.CO00 A
1.829né
~0.t10na
0.000 &
0.000 &
0.000 &
C.CO00 A
0.00C A
0-610ﬁA
0.C00 »

Vee = 475V,
-1G0.C00ul mirimums
0.000 &
0.¢10nA
0.G00 A
0.C00 A
2.439nA
J.610n2
0.000 &
0.610nA
0-610nA

FPGA

Catecode: 9143

vin = 4.50V
1C.0C0ulA maximum.

wl 0.c1Cna
¢0ct 1.22CnA
w3t C.0610nA
TO0LT3 C.610n4
MKCUT® 0.000 &
PO C.00C A
P3 2.435nA
P& 0.61CnA
DEC1 0.00C A
recCs £0.00C A
DEC? c.00C &
DeEC10 C.000 4
CeEC13 0.000 &
DEC16 1.829n4
DEC19 0.000 A
DEC22 G.03C A
DEC25 C.000 A
negzs 0.00C A
DEC3Z1 0.61CnA
DEC24 C.510nA
DEC37 0.»10naA
FOLT4O C.,003C a
MOUT43 0.010nA
MOUT46 £.00C &
DEC18 C.610nA
DEC&4B C.00C A
CEC7B 0.000 A
DEC108 0.00C A
JEC13B £.000 A
DEC1eB C.00C A
DEC19S 0.00C A
DEC2cB C.00C &
DECZSE -Ue.t61CnA
DECZ28B 1.22CnA
0sC318 C.00C a
DEC348 0.000 &
pDEC378 C.00C 4
oUT4CB 1.329nA
CUT 438 C.000 A
QUT&62 G.000C A

Vvin = 4.75V
10.0C0ulA maximume.

21 0.000 A
<08 C.61CnA
<3e C.610nA
TOUTH 0.61CnA
MKCUTB C.000 A
PO 1.220nA
P3 1.829nA
Pé 0.51CnA
JECH 0.610nA

204

Temp:
Page:

c2

c18
TOUTA
COUTB
¥MOUT
Pl

P4

P?
DEC2
CECS
DECS
DEC11
CEC14
DEC17
CEC20
DEC23
DEC26
DEC2S
CEC32
0EC3S
DEC38
MOUT4Y
MOUT&4
¥OUTSL?
LeC28
DECSS
CECBE
CEC118
CEC148
CEC178
CEC208
CEC218
CEC268
pEC298
CEC328
DEC3SB
rec3es
OUT41B
OUTL4B
CUT47B

Q2
c18
TOUTA
GouTe
MMOUT
P1

P4

P?
CEC2

25 Ser #: 3
7

0.610nA
0.000 a
0.000 &
0.610nA
0.610nA
1 .829nA
0.0C0 &
0.000 a
0.000 a
0.610nA
0.0CO
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.610nA
2.439nA
0.000 A
0.610nA
0.000
0.000
0.000
0.000
0.000
0.000
0.610nA
0.000 a
0.000 a
0.610nA
0.000 A
-0.610nA
0.610nA
0-61 OnA
0.610nA
2.439nA
0.000 a
0.000 A

PDDDPDDD

> > > PP

0.610nA
0.000 A
0.000 A
0.000 A
0.000 A
1.829"‘
0.000 A
0.000 A
0.000 &



CEC3
DeCeo
DECY
DEC12
~DEC15
LEC18
CEC21
CeC24
Ceceav
DEC30
DEC33
DEC3¢
DEC39
MOUT4
MOUT4S
OECOB
GEC3B
DECé68
CEC9B
DEC128
CEC158
CEC188
CECR213
CEC248
CEC278
CEC308
CEC33g
DEC3e8
CEC398
0UT428
0UT458

iozh params:

Limits: -10.0C0uaA minimum,
C0 0.CO0C &
Q3 0.CC0 &
<28 0.610na
COUTA O0.¢10na
MKTOUT 2a439nA
cour C.CCC &
P2 0.¢10n4
P3 Ue.¢1Cna
CECQ 0.C00 a
CEC3 U.GCO a
0ECS ~0.610n2
DECY 0.¢10n24
CeEC12 ~0.¢10n2
OEC15 1ec20n8
CEC18 0.C00 &
CEC21 1.529n4
CEC24 0.000 a
CECZ7 C.010n2
DEC30 0.¢610n2
CEC33 C.C00 =&
CEC3o 2.43%n2A
DEC3S 0.C00 &
MOUT42 1.220n4
MOUT4S 0.C00 a
CECOSB 0.000 a

0.¢10n4
0.C0G &
Oec1Cna
0.€1Cna
0.610n4
0.CC0 a
2.439n4
-0.¢10n4a
0.010ns
O.4610nt
U.CCU 2
1.229n4
0.C0C a
1.829n2
0.CQ0
c.COoC
C.CCO
0.000
0.C0C
G.CCC
0.CCO
0.¢10na
2.439n8
0.510na
0.C00 »
0.¢1Cna
G.¢10na
C.C0U a
C.00C &
Ce€10na
0.610na

bbbbbbb

Vec = 5,00V,

CEC4 0.000 a
DEC? C.610n4a
DEC1U C.00C &
DZC13 0.00C a
DECT1e 1.22Cna
DEC19 G.00C A
JEC22 G.30C a
QEC25 C.000 a
beC2s C.00C a
JEC31 C.00C a
C2C2q Ceo1Cna
2zCz27 Ce€61Cna
MOULT«O U.00C a
MOUT4Z Ga610na
MOULT&E £.09C a
CEC1E 0.61Cna
UEC4sE C.00C a
08C78 C.00C a
CEC1Cs 0.000 a
DEC128 =C.61Cna
DEC1¢8 C.000 a
0:C168 C.61Cna
DoC228 Ce¢1Cna
CEC258 C.00C a
0eCecs 1.22Cna
DEC318 0.00C a
0EC34p C.GGC a
DEC37eP C.COC a
0UT4C3 2.439n4
0UT438 C.GOC a
OUT408 C.00C &

Vin = 5,00V

1C.0C0uaA maximum.
1 L.61CnA
QG2 C.1CnaA
=3B C.61Cna
TOUTS3 C.00C a
MKCUTS C.00C &
PO C.¢1Cna
P3 1.22CnA
) C.000 A
DECH C.00C a
DECY4 Ce%510na
0EC? C.00C a
DEC10 C.0CC &
DEC12 C.51Cna
DEC15% 1.82%na4
DEC19 C.000 a
DEC22 C.610na
0D2C25 ' 0.00C a
OEC28 C.00C a
0EC31 C.000 &
DEC34 C.¢10nA
OEC37 G«61CnA
MOUTA4C 6.00GC a
MOUT4G3 C.51CnaA
MOUT 46 0.00C a
DEC18 0.610na

205

DECS
DsCs8
DEC11
DEC14
Cec1?
CeEC2C
DEC22
DEC2¢
CEC29
CEC32
DEC3S
CEC3¢&
MOUT41
MOUT4S
MOUT 47
CEC28
CECSe
CECBR
CEC118
CEC148
CEC178
CEC208
CEC238
CEC2¢8
CEC298
CEC328
CEC3s8
LEC388
CuT41B
CUT44B
CUT47B

~
-

Q18
TouTa
couTs
MMOUT
P1

P4

P7
CEC2
DECS
CECS
CEC11
CECT4
CEC17
CEC20
LEC23
CEC26
CEC29
CEC32
CEC3S
CEC38
MOUT41
MOUT44
MOUT4?
0EC28

0.000
0.000
0.000
0.000
0.000
0.000
0.000 a
-0.610na
0.000 a
0.610na
2.439nA
0.000 a
0.¢610nA
0.000 a
-0.610nA
0.000 a
0.000 &
0.000 a
0.000 a
0.610na
0.000 a
0.000 &
0.000 a
0.000 a
0.000 a
0.610n4a
C.000 a
0.610na
2.439n4A
0.000 a
0.CC0 a

>PEPDBBDBDR

0.610na
0.000 a
0.610n4
0.000 a
0.000 a
1.829na
1.220nA
0.000 a
0.000 a
0.610na
0.000
0.000
0.000
0.000
0.000
0.000
0.610na
0.610na
0.610na
2.439na
0.000 a
0.610“‘
0.000 a
-0.610na
0.000 a

P DD»



DEC3B
CEC6B
DECIB
DEC128
DEC158
LEC188
GEC218
CEC248B
CEC278
DEC3CB
DEC338
CEC3638
CEC393
GUT423B
QUT45B

iozn params:

Limits:
<0

&3

'y
«OUTA
MKTOUT
CouT
P2

P5S
DECO
DECS3
peCé
cec?y
DEC12
LEC1S
DEC1E
cecel
CeCed
seed?
pecCiu
LeC33
LEC3e
0eEC39
MQUTLZ
MIUT&S
oeCo¢8
JEC3B
LECHE
CECYE
oC1c8
ceC15¢é
CeC1st
geC21b
CEC24B
DEC27B
pEC308
CeC338
0zC3o0B
DEC3YB
M EYL)
ouT4S3

0.C00
0.CCO
0.000
0.C00
C.£10n4
0.C00 &
2,439k
0.610nA
0.C00 &
0.£10n2
Q.010n4
Q.1UNE
C.¢10ng
Q.CCO ¢
G.CCC »

> P PP

VCC = S.stl
-40.GCCCub mirimums

0.C00 A
0.C00 &
G.61CnA
0.CCC &
2.439nk
C.C00 &
0.COC A
0.C0O0 4
0.c1Cna
Get10nt
0.C00 &
0.€610nA
J.000 &
1.220nA
0.610nA

229Nk
p.CCC A
0.C0C A
0.CCC &
0.t10na
1.229n8k
Uec10n#d
1.229n4
C.CCO A
G.C0C &
0.CCC &
0.C0C A
C.610na
O0.CCu &
0.C0C A
0.CGCO &
Z.439nA
0.610n&
0.CC0C &
0.€10nA
G.€610nA
0.CCC &
0.C0O0
0.C00
0.C00

» D P

DECLSB

DEC7E

DEC1CE
DEC138
DEC1¢R
DEC196
DECZcS
DECZ5®
DECZ8E
CEC318B
DEC34B
DEC378
JuTalt
0UT&38
QUT4oE

vin =

£.25Y

U.610nA
C.000 A&
0.00C &
0.000 A&
0.00C A
C.61CnA
C.610nA
C.610nA
Ce610n A
£.000 A
Cc.00C A
G.00C A
1.329nA
¢.00C &
0.00C &

1C.0C0ud maximum.

)

GCE
Q38
TOoUTE
MKOULTB
PO

o3

P6
pDeECH
CECA
D€ecC?
CEC1O
DEC13
OEC16
SEC19
DeCee
DeC2sS
geECes
oelC31
0=C34
DECIY
MOLT T
MOUTAD
MOLT &6
gcEC1:
DECLE
pzC7e
gec1Cs
CEC1ZE
JEC1e3
DEC1GE
peECZ2t
peC258
pDeCzte
pecC318
DECZ4B
DEL27E
QUTLUB
outLlB
QUT46E

206

0.00C A
0.610nA
0.61CnA
c.00C &
£.00C &
£.000 &
2.439nk
£C.00C A
¢.000 A
c.000 A
C.61CnA
C.00C &
G.51CnA
1.529nA
0.00C A
C.00C &
C.005 4
0.00C A
C.610nA
L.£1CnA
c.000 4
¢.00C A
C.61CnA
c.00C &
0.00C &
C.00C &
0.61Cn A
C.00C A
£.00C 4
2.00C A
C.00C A
Let61lnA
C-b'\CnA
C.610nA
Le061CnA
0.000 A
£.000 A
1.22CnA
C.000 A
D.61CnA

CECSB

CECSBE

DEC118
DECY148B
CEC178
CEC2C8
cec21e
ceC2ée
CEC2658
CEC328
CEC358
CECXEB
QUT&L1B
CUTGL4E
QUTA478

a2

Q18
TOUTA
couTe
MMOUT
P1

P4

P?
cec2
CECS
LECS
CEC11
CEC14
CEC1?
LEC20
CEC23
Lec2¢
£eC29
£=C32
CEC3S
CEC3E
MOUT4 1
MOUT&&
MOUT4L?
CEC28
CECSE
CECS8E
CEC118
CECY148
CEC178
CEC2CS
CEC21B
CEC268
CEC298
CEC328
CEC3SB
CEC3E8
0UT418
CUTLLB
CUT478

0.000 a
0.610nA
0.610nA
0.610nA
0.0C0 A
0.000 A
0.000 A
0.000 &
0.CC0 A
0.610nA
0.610nA
0.610nA
2.439nA
0.000 A
0.610n4

0.000 A
0.000 &
0.000 A&
0.610nA
0.C000 &
1.829n4

0.000 A
0.000 &

0.000 A
0.610nA
0.610nA
0.000
0.000
0.000
0.000
0.000
0.C0O0
0.000
0.610nA
2.43I9nA
0.000 A
0.000 &
0.610nA
0.000 &
0.000 &
0.C00 &
0.000 &
0.610nA
0.610n4A
0.610nA
0.000 &
0.¢10nA
0.000 A
0.000 A
0.610nA
0-610“A
0.610nA
2.439nA
0.000 A
0.000 A

PDDDP)D



iozn params:
Limits:

0
&3

$28

QoUTA

MKTOUT

cour
P2
PS
CECO
0zC3
_DECS6
JECY
CEC12
CEC13
LEC1S
CecC21
CEC24
DECZ?
DeEC30
. DEC33
CEC30
CEC39
MOUT4 2
MOUT4 S
CecCos
0eC3g
DECSB
DEC98
DEC128
CeC158
DEC188
LEC218
CEC243
GECZ78

CUT4 20
JuTé5s

Device PASSED all tests.

Vce = 5,.50v.,
-10.0C0uA mirimum,

Ue610n2
0.610n4
0.610na
0.C00 &
ca439nA
C.610na
O.t10n2
C.C00 a
C.C0oC a
0.C0C &
0.COC &
C.¢10n4
Cat10na
0.410n8
0.000 &
Eeb39nA
-0.510n2
~0.¢10ns
Cec10na
0.C00 »a
2.439n8
0.CJ0 &
1.22Cna
G.C0C &
0.€10n2
0.C0C &
0.¢10naA
0.C00 a
0.C0O0C a
Cal00 2
0.C00C &
1.829n8
Cat10Un2
0.COC &
C.c1lna
Lol &
UCe€1Cna
J.CCU &

Vin = S,.50v
1C.0Coulk maximum.

¢ Ge01Cna
Q08 C.é¢1Cna
d3E 0.10na
TOUTS G.€10n4
MKCUT3 C.000 &
PQ C.00C &
P2 1.82%n4a
Pe G.00C &
DEC1 C.C0O0 &
DEC4 C.000 A
DELY 0.00C &
DECIC 0.00C a
CeC13 0.00C &
DECI1¢ £eb3%nA
CECI19 C.00C a
DEC2¢ C.0C0 &
DEL25 C.00C a
LeC2s 0.610n4
DEC31 C.00C a
DEC34 C.610na
DEC37 C.00C a
MCUT4O J.c10na
MOUT42 0.41Cna
MOUT46 C.00C A
becC1:z Ne61CnA
o o C.02C A
DECTS C.D000 4
DEC1C3 £.50C &
DEC13¢ C.00C a
gzC1e3 L.61Cna
0EC163 C.00C a
JelCcz2e - €.90C &
DeCes: C.21Cha
Celie: ~«51Cn4A
+30218 Ct.00C a
U2C24c Ceb1Cns
UeEC37¢t =L«%1Cna
QUTGCz 1.220n24
QUT43:Z (.00C0 &
CUT4ce L3030 &

207

C2

<18
TOUTA
SouTs
¥MOUT
P1

Fé

F?7
CEC2
LECS
CeCs
CECI1
CEC14
DEC17
CEC2C
DEC?23
DEC26
CEC2S
CEC32
DEC3S
CEC38
MOUT 41
MOUT44
MOUT4?
CEC28
CECSE
CeCR8
CEC118
CEC14R
LEC178
C2C20¢8
CEC22R
CEC243
CEC298
CEC3z¢8
CEC353
CEC3:3
CUT41R
CuUT44R
CUT47R

00610“A
0.000 A
0.0C0 a
0.000 a
0.610nA
1.829na
0.000 a
0.610naA
0.000 a
C.610n2a
0.0C0 a
0.000 a
-0.610nA
0.000
0.000
0.000
0.0600
0.000
0.000
2.439nA
0.000 a
0.0C0 a
0.000 a
0.610nA
0.000 A
0.000 a
0.610nA
0- 610|'\A
0.610nA
-0.610na
0.000 A
0.610nA
0.0CO a
0.610nA
0.610na
0-¢10n‘
0.610na
1.829nA
0.0CO A
0.C00 A

B> PPPrPond>



JPL Beta-12

A1280

22-JUN=1992 12:46:43.61

Source file:

fetall2.C:H44

Post 500 hrs

“vih params:

Vee = 4.50V.

Limits: 600.CmV minimum/,
CLKA 1.359 ¥
NLOAL 1.333 ¥
ESEL 1.225 Vv
MKTINA 1.¢92 V
EA1 1.345 V
CO 1.291 v
. Q3 1.330 V
(o)) 1.230 Vv
vih perams: Vcc = Lo75V.
Limits: &00.Cmv minimums
CLKA 1.455 ¥
NLOAD 1384 v
ESEL 1.374 ¥
MKTINA 1.342 V¥
_EA1 1.405 ¥
o]y} 1.339 Vv
Q3 1.384 V
c28 1.384 V
vih params: Vcc = 5.CCVe
Limits: 800.0mv minimum.,
CLKA 1.477 ¥
NLOAD 1.455 ¥
ESEL 1,425 Vv
MKTINA 1.395 Vv
EA1 1.455 v
co 1.387 V
Q3 1433 v
Q28 1.433 Vv
vih perams: Vcc = 5625V
Limits: €00.CmV minimums
CLKA 1.537 Vv
NLOAD 1.484 v
ESEL 1.472 V
MKTINA 1440 V
EAT 1.501 Vv
Q0 1.436 V
Q3 1.431 Vv
o228 1.481 V
vih params: Vcc = S.5CV.
Limits: &00.Cmv minimums,
CLKA 1.589 V
NLOAD 1.9534 V
ESEL 1.522 V
MKTINA 1.688 V
gEal 1547 Vv
Co 1.484 V
Q3 1.929 V
Q2B 1.529 V

EPGA
Catecode:

2.C00
CLKE
SEL
PAB
MKTINB
EA2
el
208
Q38

2.000
CLKB
SEL
paB
MKTINS
EA2
AN
o8
Q35

2.000
CLKB
SEL
PAB
MKTINB
EA2
Q1
QOE
38

2.GC00
CLK?
SEL
PAD
MKTINB
EAZ2
N
w08
Q38

2.000
CLKB
SEL
PAB
MKTINS
EAZ
Q1
1o}
Q38

9143

VvV maximum,
1.402
1.311
1.311
1.279%
1.315
1.339
1.291
1.321

V maximume
1.455
1.359
1.361
1.326
1.367
1.392
1.336%
1.370

V meximum.
1.512
1.408
1.406
1.38‘
1.4612
1.44C
1.339
1.421

V maximum.
1.58%
1.47¢&
14455
1-‘30
1"’63
1.491
1.643¢
1.471

vV maximume.
1.642
1.501
1.49¢%
1.475
1.51¢
1.540
1 I‘s‘
1.51¢%

208

Cc L <K< <

€€ << Cc< €K< c€ €< €<

Cccc €< <€<< <<

Temp:
Page:

NRESET
CMPSEL
IS¢
£EA0
€43

Q2

¢18

NRESET
CMPSEL
TSE
€40
EAZ

C2

€18

NRESET
CMPSEL
T1SE
£a0
EA3Z

C2

18

NRESET
CMPSEL
TSE
£AQ
EATS

Q2

(-]

NRESET
CMPSEL
TSE
EAD
EA3

Q2

18

25 Ser #: 3

2

1.334
1.318
1.326
1.336
1.313
1.333
1.330

1.389
1.368
1.374
1.387
1.359
1.384
1.384

1.501
1.417
1.424
1.4637
1.412
1.436
1.433

1.493
1.465
1.500
1.488
1.465
1.484
1.481

1.544
1.512
1.522
1.537
1.519
1.534
1.528

€ €€ € €K €< < €€ €< €« <L Cc€c < €< <« € € € € €<

c €< €< <<



JPL 3eta-12

Source file:
Post 50C hrs

A12&(C FPGA
€Z-JUN=1592 12:4¢:59.54

Setal12.C:H44

"vil params: Vec = &.3GV.
Limits: EQ0J.LmV minimum.,
CLXxA TecC3 v
NLOAC 14279 v
ESzL TeckS v
MKTING Tel%2 ¥
Ea?2 1.210 v
wl Tectbe Vv
WU 1.224 v
&3a 1.235 ¥
vil params: Vcc = 4,75V,
Limits: 300.Cmv minimum,
CLKA lTeckl Vv
NLQAC 1.329 v
ESEL 1291 v
MKTINB Te235 v
EAz 14257 v
€1 1.317 v
<08 1.375 v
<38 Tact3 v
vil params: vVecc = 3.(CCv.
Limits: ¢&00.CmV minaimums
CLKA 1.270 Vv
NLOAD 14267 v
ESEL 1.339 v
MKTINE 1eac9€¢ Vv
cA2 1.304 v
Q1 1.2365 v
<03 1.42¢4 Vv
<33 132% ¥
vil params: Vcc = 5,25V,
Limits: EJ3C0.0mV manimum,
CLKA 1211 v
NLOAD 1615 Vv
ESEL Talle ¥
MKTINS 1.2z2¢ ¥
EA2 1349 Vv
<1 1.474 v
«03 1472 v
38 1375 v
vil psrams: Vcec = 5,30V,
Lamits: &00.CmV minamum.,
CLKA 1242 V
NLOAC lTeuwoe V
ESEL lTeb2 V
MKTINE Ta631 v
EAl 1.293 v
<« 1ebbc Vv
«08 1.521 Vv
Q3B 1a421 vV

Detecoda2: 9143

2,000 V meximum.

cLxe
SeL
PAE
EAC
T4z
Gl
1t

1.21C
1.21C
1.23¢
1.233
1.207
1.255
1.26¢

2.CCO V meximum,

CLKE
StL
Pag
taC
EA3
w2
31E

1.242
1.257
1.274
1.279
1.252
1.307
1.314

2C00 V mzximum,

CLKE
SEL
PAB
EAC
A3
wd
218

1.2732
1.304
1.317
1.327
1.29%
1.35¢2
1.365

2.000 vV maximum.

CLKE

SEL
PAE
e6l
€Al
G2

J1E

1.304
13465
1.358%
1.373
1.342
1.40C
1411

2.000 V maximum.

CLK3
SEL
PAB
EAC
A3
2
1t

1.334
1.393
1.397
1.‘18
1.33¢
1,448
1.45%

209

< € <l

CcCC <L C K <L

< L €<

e € €« € € <

Temp:
Page:

NRESET
CMPSEL
MKTINA
£81

Q0

3

<28

NRESET
CMPSEL
MKTINA
Ea1

ce

<3

C2s

NRESET
CMPSEL
MPKTINA

NRESET
CMPSEL
MKTINS
Ean

)

C3

C28

NRESET
CMPSEL
MKTINA
Ea1

Co

Q3
28

25

Ser #: 3

1.255
1.233
1.222
1.220
1.329
1.245
1.258

1.299
1.280
1.273
1.269
1.380
1.293
1.307

1.339
1.327
1.339
1.315
1.431
1.342
1.355

1.390
1.367
1.392
1.361
1.479
1.387
1.403

1.637
1.4%4
1.437
1.4C5
1.528
1ed34
1.452

CC g <€ << CCcC << CcCcCcCc< << CCCcCCL <L

CC€ €€ €< <<



JPL Beta=12 A1280 FPGA Temg:
22-JUN=1592 13:16:28.17% Cstecode: 5143 Page:
Source file: Beta12.C:H44

Post 500 hrs

Tpzl_tse parsms: Vcc = 4.50Vs, Vib = 3,09V, vil = C.0Cv
Limits: 1.00C0nS minimum, ¢CC.0rS maximum.

TOUTA 57.07nS <OUTA S6.8enS TOUTR
QouUTs S¢.3ent MKTCUT 56.54n5 MKOUTR
MMOQUT 57.2¢n8 CoLT LEL3ERS PO

P1 4G6.00ns P2 24.31n5 F2

P& $G.14n¢ 3 37.4€n5 Pb

P7 CS7ec=n?d J3zLC £6.71n3 CEC1
CEC? 57.620n% pEC: 48.,3¢n5S CEC4
CECS eC.53n¢ 22C6 c2.4CnS LEC?
LECS £3.62n8 JECG L9.3%nS CEC10
CEC11 €4.,Cen$ psC1z Shez?ns CeECYZ
CcC14 371703 0EC15 44108 rec1é
ceC17 5Z.tons JC1¢ £1.51nS CEC1¥y
eCeC 5242505 DeC21 $1.3¢n: CeC22
CEC23 51.51n¢ J2let £6.75nS CEC?2S
UECet Sce57NS JECZ7 58¢,33n3 CEC28
ceCes 35¢.bcni JElou ¢1.21nS CEC31
Z=C32 5¢.3e¢n8 nEC3S 55.23nS CEC3L
UeEC35 S5be2uns 220 2¢ £ 45nS CEC3?
oeC38 57.C2n3 2zC2%s teaB7n05 MCUTAO
MOUT4 1 50.06n% MOLTLZ 48.5CnS MOUTAD
MOUTA44 “«SaclnNn3 MOLT4AS 4%,32nS MOUTLS
MOUTA? 501InS JECGE 37.17n3 CEC1E
CeC2b ol b7ns DEC2S £3.33nS CEC4LE
DECSE 00.75n8S DECésn S0«73nS CEC?8
CcC8e 54.%1nS DECGS Lz .04n35 CEC1(C8
0eC118 53,7605 ocC1ez €4.02ZnS CEC1238
JEC143 S56.5un3 bEC156 52.11nS CEC168
CeC178 57.6CNnS p=C1:t Cé.75nNS CEC1¢8
CECZCo $€?.21n%s CECZ1E 37.1CnS p=C2:z8
CEC23s 57.21n8 velc4kE 57«35n5 CECZ258
ceClen 43,6 N3 uEC27%8 90ec¥nS CEC2ED
CEC258 S¢.7cns DEC3CE 53.94n3 CEC318
D:zC32te 54.91n¢ 0zC23¢ £5.36nS CECT4B
pecC356 53,8108 DEC24S €3.74nS CEC378
CEC3EB 57.10n3 DEC3%E €2.64&nS CUT4LLR
OUT418 4044508 ouUTS42B 49.4¥N5 CUT4L2R
QUT44B 45.70nS OUT4LSE 49.14n5S CUuTL4LéR
OUT«T78 45.89n3

Tpzl_tse params: Vcc 475V, Vit 2.00v, Vil = 0.0Qv
Limits: 1.0CCnS manimum, 2CC.0RS meximum.

TOUTA SS.47nS <0UTA 55.2¢nS TOUTE
gouTsh $S5.26n5 MKTOUT £5.47nS MKOUTS
MMOUT §$5437nS couT L4 ,96énS PO

P1 I8.52n¢S P2 52.86nS P3

P4 537.71n¢S PS5 €6.25n8 Pé

P7 56.01nS DECDO 5544708 CEC1H
DEC2 S56.180S DeEC2 47 .01n5S DEC4
DECS £9.05nS CeECé ¢1.78nS CEC?
CecCs 52.64nS DECSY 47 .79nS CECIC
CEC11 52.78n¢S DEC12 52.0CnS DEC13
CEC14 55.51n¢ peCis $3.17nS CEC16

25 Ser #: 3

2

S6.71nS
S8.20nS
52.29nS
57.56nS
59.12nS
61.22nS
43.01ns
56.43nS
54.45nS
48.57nS
51.83n§
51 .79nS
54.20nS
S7.46nS
$6.96nS
56.15n5
59.97nS
S4.13n5
49.00ns
49.85nS
51.72nS
57.99nS
60.18nS
60.40nS
54.27n5S
54.02nS
§$7.95nS
57.14nS
59.48nS
59.09nS
56.36nS
$6.75nS
52.78nS
54.02nS
49.78nS
48.64nS
$1.01nS

59.09nS
§7.00nS
51.16nS
56.32n9
§S7.81nS
59.36nS
46.66nS
55.16!’\5
53.21nS
47.09nS
50.70nS



JEC17
DEC20
CEC23
DEC26
DEC29
DEC32
DEC3S
DZC38
MOUT41
MOUT 44
MOUT47
CEC28
CECSB
CECSB
CEC113
DEC143
DEC178
DEC208
DEC238
DEC268
CEC253
LEC323
DEC358
CEC363
0UT418
CUT448B
oUT473

51.62nS
51.16n8S
S0.38nS
55.26n8
55.26n5S
50.98n8%
52.85nS
55.23n§
«%9.21R¢S
44.25n8
48.26nNnS
59.12n8S
59.33nS
53.42n5S
52.50nS
S4.87n8
56.32n5
56.15n8
56.08nS
42.31n8
55.55n8
53.35n8
52.47nS

S«40nSs
45.00n¢s
46.36n5S
47.72nS

Tpzl_tse params: vce

Limits:
TOUTA
QOUTSH
MMOUT
P1

P4

P?
CEC?
DECS
gzCs8
CEC11
CEC14
CzC17
DECZO
DEC23
CEC26
CEC2¢%
CeC32
DEC3S
CEC3S
MOUT& 1
MOUT 4 4
MOUT47
DEC28
OECSE
DECS8
J0EC113
CEC148
DEC178
CEC208
DEC238

54.02nS
53.31nS
53.74n5S
37.24nN¢
56.50nS
55.19nS
55.09n5
58.20n8
51.6¢n$
31.69n8§
£4.13n¢
50.48n3
50.13nS
49.42n5S
54.17n8$
S4.02n5S
49.76n5
51.69n5S
53.67n5S
47.97nS
43.16nS
47.83nS
58.13n8S
58.20nS
52.18n$
51.55n8S
53.53n%s
55.33n3
55.30nS
55.23nS

S-OOVI
1.0CCnS minimum,

DEC18 S0.38nS
DEC21 50.55n8
DEC24 55.47nS
DeC27? 58.09nS
CEC30 59.62nS
DEC:Z 53.67n8
DEC36 $57.07n5§
CEC3Q 45.42n8
MOUT 42 47.23nS
MOUT4S 43.01n5S
0ECC3 55.6%nS
0EC23 58.6%nS
DzCsB 49.10n35
DeC68 4b.62nS
LEC12¢% 52.35nS
DeC15¢2 50.87ns
ODEC128 55.65n3
bgC213 55.97n8S
DEC2438 55.9CnS
CEC278 55.05nS
DECZ208 $S7.39nS
DEC338 54.73nS
2el3¢8 52.40nS
DEC3ISR 517.15nS
cUT428 48.25nS
LUT458 47.72n5S
2CC.0nS maximum.
COUTA 53.8&nS
MKTOUT 54.,38nS
cour 43.69n8S
P2 51.6¢nS$
Pc 55.16nS
DECC $54.33nS
DEC2 445.06n35
DECé 63.43n5S
DECY 46.59nS
DEC12 51.93nsS
JEC15 52.0&n%S
DEC18 49.46n8
CzC21 49.46nS
DEC24 €4.45nS
DEC27 57.07n5S
DEC3C 58.2CnS
DEC33 52.25nS
DEC3s £6.01nS
DEC29 46,.25n8
MOUT42 46.20nS
MOUT4S 46.94nS
DECOE 564.45nS
DEC38 57.67nS
DEC6B 47.62nS
DEC9s 45.42n58
DEC1z8 51.75%nS
Dz=C1ss 49.81ns
DEC1:8 54.77n8
ODEC218 55.12nS
DEC248B 54.70nS

211
-3

CEC19
LEC22
CECZ25
CEC28
DEC31
CEC34
CEC3?
MOUT4O
MOUT43
MCUT46
Cec1e
CEC4B
CEC?7®
CEC1C8B
CEC138
CEC1¢8
CEC168
DEC228
CEC258
CEC2&R
0EC318
CEC34B
CEC37s8
CUT4CB
cUT42B
OUT4L6R

0.CCv

TOUTER
MKOUTS
PO

P3

Pé
CEC1
CEC4
DEC?
DEC10
CEC13
DEC1¢6
CEC19
CEC22
CEC2S
DEC2E
CEC31
DEC34
DEC37?7
MOUT4O
MOUT43
MOUT4 6
DEC1E
DEC4R
CEC?78B
DEC108
CEC138
DEC148B
DEC198
DEC228
DEC258

50.63n8S
52.68nS
55-97ﬂs
55.72nS
54.84nS
58.63nS
52.68n8S
47.69nS
48.68nS
50.13nS
S6.54nS
58.91nS
59.19nS
52.96nS
52.93nS
56.68nS
56.01nS
58.09n8S
57.74n5S
55.19n5
55.47nS
51.37nS
52.57n8S
48.25nS
47 .40nS
49.35nS

53.70nS
56.01nS
50.24nS
55.26nS
56.61nS
58.63nS
45.53nS
54.06nS
52.22n5S
45.99nS
49.74nS
49.70nS
51.44n8
S4.77n5S
54.70n5S
53.81nS
570 SbnS
51.51nS
46.66nS
47.65nS
48.75nS
55.30nS
57.88nS
58.06nS
51.93nS
$51.76nS
55.62n8S
55.16nS
56.78n$
56.57nS



DEC268
LecCa9s
DEC328
CEC358
_DEC388
QUTGL1B
OUT&44E
QUTe78B

41.28n8S
544208
52.01nS
$1.33nS
53.7enS
63,79n3
43.33ns
46.06N3

1pzl_tse parsTs: Vcc

Limits:
TOUTA
GouTs
. MMOUT
P1
Pé
P?
pDEC2
CECS
CEC8
CEC11
UECT14
_CECT7?
CEC2C
ceCd3
CeC2é
DECZY
0eEC3C
CeEC35
CecCl3s
MOUTST
. MCUT44
MOUTLT
veC2s
cecCs58
CZCb58
peC11s3
pzC14>s
DEC178
£=CzGe
DEC238
-LEC2eB
ceC2%3
CEC32
CECZ538
DEC38a
QuUTGe1B
CUT44B
CuUT&473

1.0CCns

32.86nS
352.65n08
532.47nS
3642205
55.51nS
€L.41NS
$4,09nS
$7.07ns
30.€3n8
5C.80n¢s
52,00nS
49.53nS
49.35n8
4z e50nS
€31,17ns
£21,24ns
48.82NS
5G«63n3
£2,43nd
47.C1n¢
42.24ns
42.9105
57.14n5
§7.24ns
511003
SGa29nS
2ze%eni
S4ebusnS
SLJbonS
56.41NnS
40.39n3
53.,46nS
SCe77nNS
5031n3
52.47nS
42.70nS
L2«31nS
45.7nS

.1pzl_tse parsams: Vce

Limits:
TOUTA
GOUTE
MMOUT
P1

Pe

P7

CEC2

%]

51.%2nS
571.62n8
313703
35.33n3
54.57“5
53.67nS
52.07nS
56.40NnS

5.25V, ViF =
minaimumys

peCz78
DEC3C3B
DEC33B
DeC3¢td
SEC292
oUT&<E
JUTLS3

£4.02nS
$5.97nS
$3.35nS
51.16nS
50.06nS
47.23nS
L6,77nS

1.00v, Vil

2CC.0rS maximum,

QOLTA
MKTOUT
couT
P2

MOUT4S
pecCct

ucsCs

L=Ces

_=C¥%>

peCt1cd
pDeEC15®
gEC1zt
DECCZ1D
LEC248
DEC278B
psC2CS
oz (2in
0=Cl¢o
CEC3S2
QuUT4CE
DUT&LSS

1.CCCnS minimums

20C.0rS
LouUTA
MKTCUT
couT
P2
P5
peECO
DEC3

peECé

52.64nS
53,63nS5
42.77nS
50.6¢nNnS
S4.41NS
£3.,32nS
4£5.00n5
$39.,1¢nS
45.49nS
51.01n¢
£1.15nS
“8-6‘0”5
LELT5NS
£3,4€nNS
ct.04nS
57.07n5
£1.05n5S
€4,721nS
43.19nS
45.32nS
466.0&nS
52,35nS
Sg.64nC
wtobdnS
bbha3¥NnS
50.,21ns
48.32n3
53.92n3
£4.31Nn5
SX¥.07Nn3
52,03n3
2L,32rS
52.15n3%
S0ecilnd
49,10nS
L6.24n0S
£5.81n85

2,00V, Vil =
maximum.

31.72n5S
52.78NS
41.31n5
49,7Cns
53,63n8$
52.4705S
44.,18nS
58.2Cn5S

CEC2EB
CEC318B
CEC348
CEC37B
OUT4OE
oUT4IB
oUT4ER

c.0Cv

TOUTB
MKOUTE
PO

P3

Pé
cecH
CECS
LEC?
CEC10
CEC13
CEC16
DEC1S
DEC22
CEC2S
CEC28
CEC31
CEC34
Cecy?
MOUTAND
MOUTA3
MOUT&6
peC18
DEC4B
CECTB
CEC1CB
DEC128
LEC168
CeC158
peEC228
CEC258
CeC2ER
CEC318
CEC34E
CEC378
cuT40B
CUT438B
CUTLER

0.00vV

TouTe
MKOUTB
PO

P3

Pé
CECA
DEC
CECT

S4.,09nS
S4.48nS
50.20nS
51.40nS
47.01nS
46.38nS
48.01nS

52.47nS
55.19n3S
49.46nS
S4.45nS
55.51nS
57.49nS
44.68nS
52.93nS
51.26nS
45.00nS
‘8.86“5
‘08086“5
50.41nS
53.70nS
§3.67nS
52.89nS
56.43nS
50.45nS
45.78nS
L4b.66NnS
‘07.62"5
5‘0.2005
56.82n3%
57.10nS
50.98nS
50.91nS
Sh.66NS
54.38BnS
§5.72n5S
55.58nS
53 -17"5
53.39nS
49.17nS
50-31 nS
46.06nS
4S.46n5
46.87n5

§51.47nS
54.24nS
48.75nS
53.78nS
S4.59Nn95
S6.64LnS
43.79nS
52.01nS



CecCs
cec11
DEC14
ceC17
LEC2C
DEC22
oelCeé
£eCas
DeC32
CZC35
Cec3e
MOUT4
MJUT44
MOUT4?
oceEC2eE
DECSB
beCs2
JEC11e
DEC14¢
CEC178
CECczCe
CECZ3B
CEC2¢8
DEC2%¢e
CEC3Z8
GzC35¢
DEC3ES
JUT4Te
QUT44S
CUT473

49.85n¢
$0.02ns
532.04n¢%
48.71n¢S
48.61n8
47.90nS
52.25n¢
52.50n¢
47.57n¢
45.72n3
531.33n8
4c.2UNS
1.35nS
“o.UYNS
56.25n¢
56.54n8
50.38ns
45.35nS
51.33n¢
S3.21n3
53.75nS
53.74n8
X¥9.54n8
32.61n8S
4%.25nS
4%9.42n08
$1.40UnNnS
41.58n8
41.49ns
45.C00nS

DECS
CEC12
DEC1S
DEC1S
DECZ21
CsC2¢6
JEC27
JEC30
QL33
CEC2é
CECZy
MOLTSG?Z
MOUTGS
DECCsa
DEC3:
LeCe*

JeC%3

oUT4Z3
SUT453

213

Lb.b4n3
50.24nS
50.41nS
47.90nS
48.01n5
£2.57nS
£5.26nS
£6.11nS
50.2Cns
S4.0€n3
42.24n5S
44,54n8
45.22nS
52.5CnS
53.7¢nS
45.4¢nS
43.,62nS
€SU.0€ns3
47.97n3
$3.22n3%
£3.63nS
3247303
52.11n3
53.81n8
$1.2¢enS
49.17ns
42,.11nS
L5.4€nS
44.92n8S

CeC10
DEC13
DEC1¢
CeCI1¢
DEC2¢
CEC25
DEC2¢E
CEC31
LEC34
CEC37?
M0UT40
MOUT43
MOUTA4LS
CEC1E
CECLe
CEC7¢
LEC1Ca
CEC128B
CeC1é8
CeEC193
CEC228
CEC253
CEC2¢EB
£EC318
CeC348
LeEC378
CUT4LCB
CuT4ZB
CUT4¢B

50.41nS
64.25n$
48.15nS
48.25nS
49.53nS
52.78nS
52.75n8S
52.01nS
$55.47nS
49.60nS
44.96nS
45.59nS
46.73nS
53.39nS
5S5.$7nS
56.22nS
50.24nS
50.06nS
53.99nS
53.70nS
54.91nS
54.80nS
52.22n8S
52.54nS
43.29n8
49.42n8
45.10nS
44 ,68nS
45.92nS



JPL 8eta-12
22=-JUN-1992 13:2C:06.19
Source file:
Post 500 hrs

A1280

Betal2.C:Ha4l

-szh_tso params: Vcc

Limits:

TOUTA
QouT8
MMOUT
P
P4
P7

_CEC2
DECS
CECS
DECT1
DEC14
CEC17
Cecz20
DEC23
DEC26

_DEC2Y
CEC32
DEC3S
DEC38
MOUT41
MOUT&44
MOUT47
CEC28
DECS5B

- DEC8B

CEC118
DEC148
CEC17B
DEC2083
Cec23s
CEC268
CEC25B
CEC328
- DEC358
- DEC386
0UT415
QUT44B
OUT478B

£5.00nS
£5.00nS
63.56nS
47.90nS
67.23n8
71.65n8
72.57n0S
74.87n3
58.57NnS
£5.75nNS
56.77n3
6c.84nS
67.55n8
67.12n8
71.44n8
72.11nS
£8.43nS
6%.75nS
66.56n°¢
ék.OénS
6Ge30ns
£5.00nS
75.16n5S
75.55n8
08.93n8
68.29nS
66.06n%
70.91n5S
71.16n¢
71.23n8s
5842708
71.41nS
68.8¢n3
05.10n¢S
66.56nS
61.17n¢
£0.89nS
b B8INS

Tpzh_tse params: Vcc

Limits:

TOUTA
couTs
" MMOUT
. p1
P4
P7
CEC2
DECS
DECS
DEC1
DEC14
DEC17
- DEC2C

$2.7InS
©2.72nS
61.81nS
42.50nS
65.C0CnS
€5.75NS
69.14nS

71.83nS .

65.67nS
66.10nS

64.22n8S
646.15nS

$46.61nS

4.50vl
1.0C0CnS minimum.,

“l?SV’
1.00CnS minimum,

FPGA
Catecode:

QouTA
MKTOUT
couT
p2

P53
JECC
CEC3
SECe
oEC?
pEC1C
DEC1S
DEC18
DEC21
DECZ4
DEC27
DEC30
CEC33
CEC3S
DEC3S
MOUT&2
MOUT 45
DECC3
pecC3s
DECes
DECY3
DEC12EB
DeC15¢e
DEC1EE
LeEC21e
DECcat
DEC278
CeC303
CeC338
0EC26E
DEC3YE
CUuT4ze
QUT45E

QouTA
MKTOUT
court
P2

PS5
DeCC
DECS
DECS
DECY
DEC1c
DEC1S
DEC18
DEC21

vir

Vir =
2CC.0rS

9143

3-ODVI Vil
m=ximume

65.0CnS
71.79nS
63.02nS
62.27nS
71.41n8S
71.76nS
£3.58nS
72.028nS
t4.50nS
£9.07nS
€9.25nS
€5.52n8
66.78n3
71.7énS
73.95nS
73.20n3
52.7InS
73.39nS
63.25nS
¢3.8¢nS
cb.61nS
71.41n5
74.52n5
60.80nsS
€2.77nS
6847505
67.51nS
71.5&nS
71.37nS
71.51nS
72.18nS
¢5.5CnsS
71.7en5S
¢5.51nS
68.60nS
tb.2¢nS
¢4.01nS

= ECODV’ Vil
20C.0rS maximum.
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62.73nS
68' 6&“5
59.62nS
60.25nS
bB.6ENS
68.68nS
€0.68nS
£9,.,25n5
01.32n3
66.27nS
66.27nS
63.65nS
tbe22NS

Temp:
Page:

0.0Cv

TOUTSE
MKoUTS
PO

P3

P6
cect
CEC4
DEC?
CEC10
CECT3
CEC16
CEC19
CEC22
CEC25
CEC28
CEC31
DEC34
CEC3?
MOUT4O
MOUT43
MOUT46
CEC18
CEC4B
cec?e
CECTCB
CEC12B
DEC168
CEC198
t=c228
CEC258
CEC2E8
DEC318B
£SC348
CECc278
OUT4CB
CUTG3B
CUT46EB

g.0Cv

JoUuTE
MKOUTR
PQ

P3

Pé
cec1
CEC4
CEC?
CECI1C
CEC1Z
DEC16
CEC19
CEC22

25 Ser #: 3

3

66.06nS

72.93nS

67.30nS

71.72nS

67.90nS

74.59nS

63.26NnS

71.41nS

69.56nS

63.72nS

67.19nS

67.33nS
63.97nS
71.65nS
72.25n8
72.25n8
75.19n5
68.64nS
64.61n3
64.82nS
61.71n5S
72-68“5
74.87nS
74.84nS
69.49n5S
68-64"5
70.94nS
71.62nS
69.00nS
72.71nS
72.11nS
72.79nS
63.C04nS
68.29nS
64.15n%
63.58nS
60.43nS

63.51nS
69.95nS
64.57nS
68.71nS
65.67n5S
71.69nS
60.32nS
68.29nS
66.52n8S
60.71nS
64.36nS
64.54nS
61 .71“5



DEC23
DECZ26
CeCayg
CEC32
- DEC3S
CeC3s
MOUT41
MOUT4 4
MOUT47
CeECeB
DECS5B
DEC38
0eC11s8
. DEC148
LEC1738
DEC208
£ecC23s
CEC268
DECEZS8
CEC3ZB
DEC358
DeC38s
.0UT418
QUT44E
0UT478

64.C8n¢
68.26n5S
68-05”5
65.32nS
66.59n8%
63.79n5%
61.53n¢
57.60n¢8
52.13n¢S
72.25n8
72.33nS
6s.10nS
65.53n8
©3.55n8
68.2%n5S
8.54n8
68.57n¢
55.55n¢
08.43n8
06.02n¢
66.02nS
E3.86nS
S2.17n8
$7.92n¢
61.60nS

Tpzh_tse params: Vecc

Limits:

TOUTA
QouUTE
MMOUT
P1

- P4

pP?
CECZ2
CECS
CeEC8
CeC11
CEC14
oecC1?
LECZC
£eces
CeCe
CzCes
DEC32
DEC35
DEC3S
MOUT41
MOUTA44
MOUT4?
"~ DECZB
- DECSB
DeCas
DEC118
DEC148
DEC178
DEC208
DeC23s
DEC2638
CeEC2958
-DEC3Z28

60.47nS
6Geb47nS
59.6¥n3
39.86nS
62.34n8
66.56n5§
66.84n8
£9.49n8S
021.30n3
63.76ns
£1.95n¢S
02.00on¢
€2.45n8
6l1.88&ns
65.74nS
6¢.17nS
62.63nS
64.18n5§
61.39nS
59.15n8$
55.47n8S
00.15n¢
b?-éUnS
69.71n8
62.79nS
63.1¢ns
$1.17nS
65.13n8
66.41n0nS
66.41nS
53-00!’\5
65.85"5
63.48n¢S

S-OOV/
1.00CnS mininrum,

DECZ4
DEC27
DEC30
DEC33
DeEC38
DEC3®
MOUT 42
MOLT4S
DECQOE
DEC3S
CECés
DECS2
QEC1Z3
DEC158
DeC1¢€8
DECZ218
DEC248
DEC278
DzC208
CECI23
PEC368
DEC398
CUT4L28
QUT458

QouTA
MKTOUT
court
4

PS
OeCO
DEC?
DEC¢
DECS
DEC12
DeC15
DEC1E
oele1
DECc4
DECZ?7
DEC3D
oEC3z
DEC3¢
DEC3¢
MOUT42
MOUTA4S
DECCS
DEC38
DECéB
DECY3
DEC128B
JEC158B
DEC188
DEC218
DECZ24B
DECe7E
DEC208B
DEC338

Vik

68.75nS
71.12n5
67.69nS
£5.92nS
70.27nS
59.20nS
¢0.39n5S
61.6CnS
¢8.40nS
71.55n5%
5B.27nS
£9.79nS
¢5.81n3
€&.33nS
68.6&nS
68.54ns
68.04nS
€9.14nS
65.55n3
t8.29nS
55.52nS
¢€5.53n$
€1.5¢énS
¢1.00nS

= ZQCOVI vll
2CC.0nS meximum,
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¢0.47n8
¢¢.2CnS
£6.93nS
£8.52n8$
°5.45ns
€3.92n$S
58.41n8§
65.95nS
S8.95nS
63.36nS
04.01nS
$1.46n5
61.9%ns
£6.2CnS
68.71nS
65.32nS
¢3.45nS
£7.7%nS
56.71nS
58.77nS
£9.23n$
£5.71n8
69.21nS
56.04nS
57.67nS
63.40nS
61.85n8S
t6.59n8
66.34nS
€6.06nS
6é.8CnS
63.40nS
65.74nS

DEC25
LEC2E
CEC31
CEC34
CEC3?7
MOUT4O
MOUT4LZ
MOUT 46
LeC1e
CEC4E
CEC7eE
CECICS8
LECT128
CECI1¢8B
CEC168
CEC2:¢B
CeEC258
CEC2¢3
CEC318
CeEC34B
CEC3?7R
OUT4CE
CuTé4ls
CUT4e¢B

0.0Cv

ToUuTR
MKOUTB
0]

p2

Pé
CECT
CcCs
DEC?
CEC1C
DEC12
CEC16
CEC1S
£ecae
CEC?2S
CEC28
LEC31
DEC34
CEC3?
mMOUT4O
MOUT43
MOUT46
CeC18
CEC4LE
CEC?7e
CEC108
CeC128
CeC168
CEC198
DEC228
CEC2S8
CeC2¢es
CEC318
CEC34B

68.71nS
69.25nS
69.14nS
72.01ns
65.74n5S
61.32nS
62.02nSs
59.05n8S
69.49nS
71.94n5
71.87nS
€6.80nS
65.74nS
68.40nS
68.89nS
66.52nS
69.99nS
68.64nS
69.49n8S
65.00ns
65.32n$S
61.14nS
60.78nS
57.92nS

61.17nS
67.58n8$
62.34nS
66.56nS
62.70nS
69.14nS
58.20nS
65.74nS
64.29nS
58.48nS
62.09nS
62.34nS
59.72nS
66.31nS
66.87nS
66.66nS
69.49nS
63.19nS
58.98nS
59.69nS
57.00nS
67.16nS
69.53nS
69.53nS
64.50nS
63.48nS
66.31nS
66.70nS
64.33nS
67.69n8
66.13nS
67.16nS
62.70nS



CEC358
CEC3568
0UT418
OUT448B
_0UT47B

Tpzh_tse
Limits:

TOUTA
couTs
MMOUT
P1
Pa
P7

_CEC2
CECS
CECS
DEC11
LEC14
CEC17
CEC2C

" LEC23
DEC26

_DEC29
DEC3Z
LEC3S
DEC38
MOUT41
MOUT 44
MOUT47
CEC2B
DECSB

- CECBB
DEC118
JEC148
DEC17®
CEC20C3
CEC236
CEC268
CEC293
CEC32B

- DEC358

- DEC36B

CUT418
CUT4&E
oUT478

63.595nS
61.32nS
56.01nS
55.72n8S
59.23n8

params: Vcc
1.03CnS minimums

3817nS

vbeS4ns
ts.90ns
51.17n5
61.060nS
59.65nS
5041108
cle54nS
£0.02nS
oS.S&nS
t4.02nS
60.47Nn3
¢2.00n¢
56.235nS
56.93nS
53.56n3
58.27n¢
£6.E7NS
67.26n3
61.63ns
61.03nS
58.34nS
54e04nS
641508
tbdeb3ns
S5C.06nS
53.42n08
61.22n8
¢1.32nS
8 .54nS
33.99n8S
53.81n8s
57.35nS

Tpzh_tse params: vecc

Limits:

TOUTA
COuTE
MMOUT

- p1
P4
P7
CEC2
GELS
DECS
CECTY
DECT4
DEC17

" CEC2C

Sheldbns$
S54.41n5
53.0Cn3s
36.93nS
57 .c4nS
62 <63nN3
61.60nS
62.38n5
59.0%nS
S58.94nS
55.79nS
58.,48nS
56.E7nS

SIZSVI

SCSOV’
1.C00CnS minimum,

DEC24%8 63.02nS
CEC39B €3.,09nS
QUT4LCE 39.19nS
QUT4SE §8.73nS
vir = .00V, val
2CC.0OnS meximum,
JOUTA 57.35nS
MKTOUT 63.94nS
couTt S4.2ENS
F2 §7.0CnS
PS 66 4CNS
pECC £3.65%nS
neC3 56.40Nn3
SECS 51.85nS
DECY 57.17nS
J€C12 61.78nr5
pgc15s 52.0€énS
DEC1E 59.5&nS
ceca1 c0.110S
DEC24& t3.75nS
DEC27 65.66nS
DEC30 £1.00nS
CEC23 $1.3zn5S
DEC26 55.76n3
DEC2S 54.87nS
MOUTE2 56.6EnS
MOUT4S £€7.24nS
DECCSH €3,51nS
DEC3E 66.37nS
DeCésd 49.,74nS
DECY9B 55.7€énS
DEC128 $1.39n5S
DEC158 56.7%nS
DEC1%8 cu4eb1InS
0EC213 tbdSLNS
UECc4LE 23.83nS
OgL27% 0be>37nS
DEC20B 503.78nS
psC338 £3.7enS
DECSSE c0.29nS
DEC3GH 41.03n3S
ouUT&c3 57.07nS
QUT4SS SbevENS
vik = 32.00V, vil =
zCC.0rS meximum.
gouTA S4.52N0S
MKTOUT £1.21nS
CouT $3.28nS
P2 $51.93nS
PS 61.78nS
peECO 61.60nS
DEC3 S0.13nS
DECS 60«1ENS
CECY 55.47nNS
DEC1C $59.51nS
DEC1S 60.11nS
pEC1E 58.00nS
psC21 <g,48nS
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CEC3?78B
ouT4Ce
CUT&42B
CUT46B

0.00v

TOUTR
MKOUTS
PO

P3

P&
CECH
CeC4
DEC7
CEC10
CEC13
pEC1é¢
CECAS
CECZ22
CEC25
CEC2%
CEC31
CEC34
CEC3?
MOUTAO
MOUTE3
MOUTAS
CECI1E
CEC4E
CEC7¢
DEC1CB
CEC128
DEC1¢B
CEC198B
LeC228
CEC2SB
CEC2¢tEB
DEC318
LEC348B
CEC378
cuUT4(B
ouUT4LZ8
QuTLER

G.0Cv

TOoUTE
MKOUTS
PO

P3

Pé
CEC
DEC4
pec7
cec1C
CEC1Z
CEC1¢
DEC19
DEC22

62.91nS
58.94nS
58.55nS
§5.86nS

58.66nS
65.46nS
60.47nS
6be61nS
59.94nS
66.87nS
56.25nS
63.48nS
62.34n5
S6.78nS
60.32nS
60.43nS
57T.92nS
63.9‘“5
64.89nS
64.57nS
67.26nS
61.10nS
57.07nS
57.63nS
5§2.01nS
646.89nS
67.23nS
67.26“5
62.27nNS
61.46nS
64.15nS
64.40nS
60.26nS
65.39nS
63.94nS
65.17nS
60.57nS
60.68nS
$57.07nS
56.61nS
S4.02nS

S4.B4nS
61.60nS
58.91nS
62.13nS
57.67nS
62.63nS
49.42nS
61.14nS
60.08n5S
5S0.34nS
58.52n5
S8.77nS
$2.43nS



CEC23
DeC2é
CEC2?
CEC32
_CEC3S
UEC3E
MOUT4
MOUT&44&
MOUT4?
DECZ8
DECS®B
CEC8s
CeC113
DEC148
DEC178
CECz08
CECR3B
DEC268
CEC2G%8
CEC3cs
0EC353
CEC3s8B
S 0UuUT41B
cUT443
QUT478
Cevice FASSED

S8.41n5S
61.60nS
62.31nS
58.55nS
60.08nS
54.38nS
53.88nS
46.94n%
56.40nS
62.45n3
63.44nS
59.33n¢
58.55n¢
55.1éns
60.93n53
61.6Cns
c1.00NS
bba78n08
061.21nS
59.19n8
58.98nNn3
S4.34ns
51.%7n3
21.75n8
S54¢.87n¢
all tests.

DEC24
DECZ7
DEC3O
DEC33
DEC2E
DEC3Y
MOUT &2
MCOUT4LS
J2ECCZ
JEC3E
DE(6¢c
JSECSE
DzC1z5
CeEC15¢
2EC123
DEC218

O OO
M mar (v aanm
aNaRaRaNsRa!

Uity

=~
(KR

A P R e R |
[ IR N % TAND RS 1]

<
—
-

o

VUT4 S
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£1.6CnS
62.34nS
58.87nS
58.24nS
62.34nS
€3.28nS
€4.13n5S
53.1CnSs
¢€1.6CnS
¢2-31'\S
47.9cenS
459.14nS
59.33n¢
52.0en3
61.50n3
¢1.5Cns
c1.3%AS
¢1.43n32
S7TebénS
cl1.71n3
So.6In:t
59.05n%S
S4.52n¢
:3.07nS

CEC25
CEC28
CEC31
CEC34
CEC3?
¥OUT4O
MOUT4S
MOUTL 6
L=C18
CEC4SB
LeCc7e
CEC1CE
CEC128
CEC1¢£8
CEC198
CEC228
CEC258
CEC2&8R
CEC318
CEC348
[=C378
CUT4CB
cuT42R
CLTSLER

60.54nS
62.31n8
62-63“5
62.91nS
58.91n8
S4.45nS
55-26!‘\5
50.02nS
62.06nS
62.59nS
63.40nS
59.69nS
59.12nS
60.93nS
61.03nS
58.48nS
61.35nS
62.17n5
63.02nS
S8.38nS
56.68nS
$3.10nS
§52.54nS
48.39n5S
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JPFL Beta=-12 A128C FPGA Temp:
22=-JUN-1962 12:47:15.80 Catecode: 9143 Page:
Source file: Beta12.C:H44
Post 500 hrs
Tplhck params: Vcc = 4.5Cv, Vvih = 3.00v, vil = 0.00V
Limits: 1.00CnS minimum, 2CC.0rS maximum.
Qo 31.20n8 <1 25.74nS 2
Q3 26.52n8 w08 33,93nS Q1B
<28 24,65n8 «JB 33.3&nS TOUTA
QouUTA 17.40nS TOUTH 28.95nS COUTE
MKTQUT 21.68nS MKCUTB c1.63n8 MMOUT
COuT 70.19nS F2 65.89n8 P1
. P2 93.85nS P3 137.7nS A
3] 132.2n8 Pé 142.¥n5 P7
DECO 53.42n8 0ECY 65.50nS CEC?
DEC3 $4.56nS DEC4 £5.34nS CECS
DECé £9.61nS DEC? 61.52nS CECS
DEC9 S4.97nS DEC10 60.0CnS CEC11
peC12 53.956n8S DEC13 5S6.05nS CEC14
DEC15 54.47nS DEC16 €0.31nS .DEC17
CEC18 56.84nS JEC1¢9 60.80nS Ceca20
.DEC21 60.086n0S DECZ2Z 85.,9%nS DEC212
DeC24 66.17nS DEC25S 68.87nS CEC2¢
DECZ7 69.34nS DECZS €9.34nS DEC29
DEC3O 66.56n3% DECY 70.94nS CEC32
DEC33 68.25n8S DEC3a 77.3&nS CEC3S
LEC3S 69.8CnS CEC37 74.91nS pDeEC38
CEC3> 69.34n8S MOUTSO0 £6.02nS MOUTA4Y
MOUT4L 2 81.6EnS MOUT43 75.5&nS MOUT4LSG
MOUT45S 76.13n8S MOUT4L6 79.87nS MOUT4L7?
- CECOb 59.01n8 DEC18B 61.61n5 CEC28
DEC36 58.86nS DEC4B $8.54nS DECSB
DECOB §1.45nS DECT8 ¢€0.85nS CEC8e
DEC98B 52.22NnS CEC108 52.98nS CEC118
DEC128B 50.40nS DECT138 51.85nS CEC148
JEC153 60.70nS DEC168 ¢0.21nS CEC178
CEC188 5¢.54nS OEC1¢8 58,83n3 CEC2CB
DECZ18 5845408 DEC228 58.6CnS £eC238
CECZ248 £1.32n8S DeECeZ58 53.07nS CeECzén
- DEC273 54.73n8 DzC2568 £1.61nS LzC298
-DEC3GB 352.99nS DEC318 56.34nS CEC328
CEC338 59.95n8S DEC4E $58.25n8S CEC3S8
CEC363 S8.E&2nS DEC378 $7.92n5 CEC3E8
DEC3SB 60.78nS JUT40B §Ja72NS oUT418
OUT4Z2B 74.60nS QUT438 77.17nS CUT44B
CUT458 75.72nS QUT4L 68 70.58n5 CUT478
~Teplhck params: Vcc = 475V, Vih 3.CCv, Vil = 0,00V
Limits: 1.00CnS minimum, 200.0nS maximum.
- Q0 29.73nS Q1 24.21nS Q2
Q3 34.39nS Q0B 12.53nS c18
Q28 33.23nS Q3B 31.72nS TOUTA
QouTA 16.44nS TOUTB 27.73nS QouTa
MKTOUT 20.72nS MKOUTB 20.70nS MMOUT
couT 67.42n5 PO 63.60nS P1
P2 90.08nS P3 104.0nS P&
PS5 128.7n58 Pé 137.2n8 p7
DECO 61.19nS DEC1 63.27nS DEC?2
"DEC3 62.46nNS DEC4 66.95nS DECS

25 Ser #: 3

&4

33.02n$S
36.94nS
30.22n8
17.33nS
70.37nS
84.15n5S
107.9nS
131.4nS
60.10nS
63.97n8
53.85nS
53.31nS
58.83n8S
61.01nS
58.70nS
59.95nS
62.15nS
62.41nS
71.67nS
69.67nS
69.65nS
87.65nS
74.06nS
74.91nS
61.68nS
58.57nS
50.97nS
54.89nS
€1.57nS
58.29nS
S6.34nS
55.77nS
52.81nS
5S8.73nS
$8.47nS
S8.86nS
55.20n5S
66.59n8S
79.87nS
75.74nS

32.01nS
35.35nS
28.95nS
16.39nS
67.57nS
81.45nS
104.1nS
126.9n8
57.84nS
61.89nS



DECS
DECY
DEC12
DEC1S5
.DeEC18
DEC21
DECZ4
CEC27
GEC3C
DEC33
DECS3e
CeEC3y
MOUT4Z
MOUT4S
CeCOE
LeC3e
CeCoso
DECY8
Cec12s
CecC15s8
DEC188B
DEC21B
. DECZ245
DEC278
CEC308
DEC338
LEC3e8
DeC3%3
0uT423
CUT4538

.Tplhck perams:

Limits:
GO

3

«lB
CouTa
MKTOUT
CouTr
P2

PS

- DECO
0eC3
UECS
OECS
DEC12
DEC15
DeC18
DECZ1
CeC2é
- DEC27
DEC3C
DEC33
CEC38
DEC3S
MOUT42
MOUT4LS
DECOB
DEC38
" DECGB

S7.4EnS
53.72n%
52.19n8
52.06n8
S7.9ins
58.00n8
¢64.04nS
£7.44nN3
t4a25nS
66.07n¢8
67.4¢nS
$56.95n8
79.C4nS
73.56n¢8
56.,78r°S
S7.01n3
353.91n3
50.37nS
45445n5
5845205
36.71nS
5¢.55n8
59.14n5
52.68n8
31.C5n8
57.59n8S
$6.63nS
S2.44nS
71.70nS
73.23n8

Vee =

c€a56nS
23.05nS
32.42n8
15.32n¢
19.64n3
£5.16n8S
gt .C4ns
1244505
5%.25nS
6Q.05nS
55.74n8S
$S1.04nS
50.53nS
50.37nS
5€.29NS
Sé.31nS
62.31nS
65.55n8$
62.46nN8
34.23nS
65.55n8
65.00nS
76.96nS
71.28nS
55.04n5S
54.99n3
S6.94nS

S.UCVJ
1.0CCnS minarum,

bsCv £92.53nS
DEC10 57.34nS
pDzC13 54,01nS
DEC1¢ 583.,29nS
OEC19 SB,7&nS
0EC22 £4.0znS
ceCz2s 66.7cnS
CZCe& €7.13ZnS
CeC21 €2.31nS
DeCis 75.C4nsS
UeEC:? 72.7%InS
MOUT &L E3.1€nS
MOLT43 77.07nS
MOUT 4 & 77.22nS
DEC1: £9.6éns
J0EC4eE 56.0CnS
0=C7: £2.640nS
DEC1UE 32.14nS
OEC13E 49.28:tn8
OEC108 5¢.13n3
DEC1>B 57.17n5S
DEC2Z3 54.44nS
csC25¢8 51.13n5
peCeész £9.22nS
0ECI1s £4.24Nn8
DEC243 £4,34nS
ODEC37a §5.82ns
0UT&Os 78.34n3
CuT43® 7443508
QUT 468 t2.25n8S
vinh = 3.0Cv, Vvil =
2C0.0rS maximum.
<1 33.07nS
c0s 11.49n8S
Cle 30.37nS
TCUT® cbebbnS
MKCUT® 19.7¢nS
PO €1.43nS
P2 101.Cn5
Fé 133.5n3
DEC1 ¢1.45n3
DEC4 €3.06n3
0zC7 €7.77n8s
DECIHC £6.035nS
oEC12 $S2.35nS
DEC16 £6.52nS
DEC13 $S7%14ns
DEC22 $2.6¢€n3
DECZ2S 64.92nS
DEC¢8 £5.34n3
DEC31 £€é.5%nS
UECZ24 72.20nS
DECS7 70.81nS
MOUT&C 80.7CnsS
MOUT43 74.84nS
MOUT&6 75.04nS
DEC18 57.46n5S
DEC4LB S4.065nS
DEC?78B 6.7énS

219

CECS
CEC11
CECt4
CEC17
Lec20
CEC23
CEC26
CEeC2§
CECX?
CEC3S
CEC3E
MOUTAT
MOUT 44
MOUTSL?
CEC28B
Cecse
£ecCss
CEC118
CeC14B
CEC178
cecaoe
CEC218
CEC2¢8
LeEC2¢98
CeC328
CEC358
CeC3ées
ouUT418
CuT448
CuT4?B

2

c18
TOUTA
couTe
MMOUT
P

P

o7
CEC2
CECS
DECS
CEC11
CEC14
DEC17?
CEC20
CEC22
CEC26
CEC2S
CEC32
CEC3S
CEC3E
MOUT41
MOUT44
MCUT4?
DEC28B
CECSE
DECSE

5S1.72nS
50.81nS
56.83nS
59.01nS
56.63nS
$8.00nS
60.36nS
60.18nS
69.23nS
67.47nS
67.44nS
34.77nS
71.57nS
71.93nS
$59.35nS
S6.16nS
49.10nS
$2.48nS
49.67nS
55.85nS
5‘.55"5
$3.85nS
S0.92nS
56.63nS
56.37nS
56.70nS
53.31nS
63.89"5
77.22nS
72.94nS

30.97nS
34.08nS
27 .88nS
15.74nS
65.50n5S
79.25n5S
101.0nS
123.1nS
55.95nS
60-02”5
49.98nS
49.70nS
55.12nS
57.40nS
54.97nS
S6.34nS
58.49n5
58.52n8
67. 3"“5
65.63n8S
65.63nS
82.10ns
69.21nS
69.65nS
57.46nS
54.39nS
47.57nS



CECYB
CeC128
DEC158B
CEC188
~DEC21B
CEC24B
CEC27B
LEC308B
CEC33B
CzC302
pDeEC398
CUT4cCB
CUT458

Tplhck params:
Limits:

«d

<3

<28
GouTaA
MKTOUT
cour
P2

PS5
DECO
CeC3
ceCe
CECY
CECT1C
CECT1S
LEC1Y
- CEC2
peCa
Ceczar
CEC30
CEC33
CEC3e
CEC3Y
MOUTAZ
mOUT4S
£LzCC3

1O OO0 L
e mommneminn

C
n
C
(V)
u

L4 ¢

Tplhck
Limits:
e

1.03CnS minimums

paramss;

1.0CCnS minimums

43,74nS
47.05nS
56.83nS
54.97nS
54.91n8S
57.30nS
51.C5nS
49,4105
56.34n5S
54.9¥NnS
5646308
£3.2En8
7T5.89nS

DEC1CB
DEC138
CEC168
DEC19E
DeCzzh
peCase
CEC2EB
oeC31B
CEC348
DEC37B
CUT40E
CuUT432
oUT4o08

Vece = 5425V, Vih
2CC0.0rS maximuma

27.50nS
531.96nS
I1.1ens
15.20nS
19.17nS
t3.27nS
83.81ns
1271.5nS
57.6¥nS
36.C9%nS
54.3¢nS
50.53n8
4x.97n8
“&.32n3
54.97n8S
5449705
6C80nS
03.83%nS
¢1.01ns
6247205
dLkJllNS
t3.354n8
75.Cens
ovyel34nt
SSeaéns
52.31nS
55.15n8
47.39n3
L5,.76nS
55.54n$
53.72nS
£3.51n3
93.77n¢
“%.¢65n8
4% .,09nS
54.97nS
83.7enS
£s.0ynS
67.21nS
ty.uonS

vee =

26.79nS

01

«0E
43It
TOUTS
MKCUTB
P

P3

Po
JECH
DECS
ozCy
DEC10
DEC13
DECTS
DEC1¢%
GEC2e
0sC25
psCite
SEC31
celCl4
geC2?
MOUTAC
MOUTGL2
MILT&ES
DzC13
Seles
geC7:z
DEC105
ceC13s
JEC10kE
DEC168
DEC2¢B
DEC253
DECZE8E
-£C318
DECZA4LS
DEC2T7E
QUT408
oUT4 3B
OUT408

5.5CV, Vah

S0.58n3S
48.3¢nS
€6.39nS
£5.12n5
54.84nS
49.4¥nS
57.59n35
§2.5zn3
S4.62nS
€4.08n35
76.2cnS
72.0ens
tr.ConS

3.00V, Vil =

12.04nS
20.53nS
29.36nS
23.73n3
19.14nS
60-1Cn5
$8.31nS
130.4n8S
59.95nS
63.34n0S
S6e35nS
54.6Cn5
£1.07nS
55.07n5S
£3.82n8
51.41nS
63.27n8S
£3.21n53
0&ka.95nS
71.51n3
t9.2cn3
75447505
72.97nS
73.23nS
SSe30nNn3
£3,0zn3
55.3CN5>
69,2¢n5S
47.05n8
346.9¥nS
5S3.85n3
53.42nS
45-12(‘5
$6.21nS
51.13nS
$S3.31nS
£2.62InS
74.47n8S
69.91nS
63.94nS

3.CCV, Vil =

20C.0nS maximum.,

c1

31.26n5

C.0C0v

CEC11B
CEC148
LEC178
tec20e
Lec22e
CEC2¢8B
CEC2658B
CEC328
CEC3S58
CEC3ge
cuTS418B
cuUTLLB
CUTA4T7E

2

c18
TOUTA
CIUTE
MMOUT
P1

P&

P7
CEC2
C=CS
£ecs
CEC11
DEC14
CEC17
DEC20
CEC23
CEC2¢
CEC2S
£eC32
CEC3S
CEC3E
MOUT 41
MCUT 4L
MOUTE?
CEC2®
DECSE
CECBE
CEC118
CEC148
CEC178
CEC2CB
LeC23e
CEC268
CEC258
CEC328
CEC2SB
CEC38s
cuTLiR
OUTL4E
CuT478

C.0Cv

Q2

S0.21nS
48.12nS
S4.68nS
52.99nS
52.42nS
49.34nS
S4.89n5
S4.60nS
54.91nS
S1.£64nS
62.15nS
75.04nS
70.45n8S

29.91nS
33.15nS
27.03nS
15.12nS
63.73nS
77.22nS
98.18nS
119.8nS
54.50nS
58.54n9S
L4B8.48nS
48.25nS
53.69nS
55.98n5
S3.64nS
54.57nS
57.07nS
57.01n5S
65.65nS
64.04nS
64.12nS
80.26nS
67.26nS
67.47nS
55.90nS
52..84nS
46.28nS
49 .88nS
46.90NnS
53.31nS
51.64nS
51.13nS
4B.09nS
53.43nS
53.15nS
$3.43n5
50.30n5S
60.49nS
73.23nS
68.38nS

29.10nS



Q3
ory:}
QOUTA
MKTOUT
_Cout
F2
P5
CECO
CEC3
Dece
DeEC?9
DeC1c
DECTS
- DEC1S
DEC21
CEC24
0EC27
DEC3C
CEC33
CEC3e
DEC3S
MOUT4Z2
- MOUT4S
DECOS
DEC38
CECOR
DECYE
CeC1¢s
ceC158
CEC188
CeEC218
-CeC2éb
Leca?s
0eC308
CEC338
CEC368
CEC3%3
CUT4Z8
CUT458

30.97nS
30.32n8
14.73nS
18.68nS
61.68n¢
83.86n¢
118.7n%
56.39nS
57.82n8
52.94n5
48.87n8
45.01n¢S
47..49n8
53.77n8S
53.77n5S
56.61n3
62.35n¢S
59.74n5S
61.32n8
62.92nS
62.02nS
73.36nS
67.94nS
52.22n%§
5241908
53.67nS
46.25n8
44.72nS
54.3¢n8S
52.1¥nS
52.29n8
S4.47nNS
48.43nS
46.87nS
$3.72nS
52.48n8
52.55n8S
65.57nS
67.42n03

Q08
<3e
TOoUTS
MKCUTSB
PO

P3

Pé
DECT
DecCs
DeEC?
JEC10
2zC13
0eC1¢
JECTS
DECZ2¢?
0EC25
DECZ2S
DEC31
DEC34
DeEC37?
MOLTA4LO
MOUT4Z
MOUT 46
DEC1B
DEC4Z
DeC7e
UECT108
DEC13%
CECT168
DEC168
DEC2cs8
DEC258
DECZ2E&E
DEC218B
DEC348
DEC373
0UT408
0UT638
0UT4o8

221

27.73n8
28.51nS
25.08&nS
18.6CnS
58.78n5S
$6.05nS
126.7nS
58.62n3
€1.37nS
$5.2Cns
53.38nS
49.83nS
£3.82nS
S4.6CnS
50.30nS
¢2.0ensS
62.46nNn5S
€3.5&nS
70.15n8
¢7.36nS
76.9¢nS
71.44n8
?71.57nS
S4.65n8
51.64nS
53.93nS
48.04nS
45.94n8
53.75nS
52.5CnS
52.22nS
Lb6.92nS
54.97nS
49.91nS
$1.77nS
$1.5¢nS
72.92n8S
68.25nS
¢€2.77n5

c1e
TOUTA
COUTE
MMOUT
P1

P4

F7
Cec?
CECS
cecs
CEC11
CEC14
cec17
tecac
CEC23
CEC26
LeC29
CEC32
£eC3s
CEC3E
MOUT 41
MOUT 44
MOUT47
cec2a
CECSB
CEC8E
DEC118
CEC148
CEC178
DEC2CB
CEC238B
CEC268B
CEC298
CEC328
CEC35B
CeEC3es
CUT418
OUTL4B
0uT478

32.29nS
26.20nS
14.68nS
62.23nS
75.56n$
95.90nS
117.0nS
$53.31nS
$S?7.17nSs
47.26nS
47.05nS
52.48nS
54.89nS
52.48nS
53.75nS
55.85nS
$5.69n5S
64.25nS
62.77nS
62.85n8S
78.34nS
65.76nS
65.65nS
54.58nS
51.52nS
45.24nS
48.32nS
45.81nS
51.77nS
50.53nS
50.04nS
46.90nS
52.06nS
51.98n5S
$2.24nS
49.18ns
$59.12nS
71.70nS
66.61nS



JPL Beta=12
22-JUN-199%2 12:47:57.88
Source file:
Post 500 hrs

Tphlck params:

Limits:
Q0
3
gén
QOUTA
MKTOUT
CouT
P2
PS5
DECO
DEC3
CECS
DEC?Y
CEC1Z
DEC1S
CEC18
. DEC21
CeClsa
DECZ27?
peEC30
CEC33
DEC36
CEC3S
MOUT&LZ
MOUT4S
- DECOB
peC3s
DECOB
DECYE
CEC12E
JEC1S53
CEC188
csceld
CECZ248B
- DECZ278
- peCc3oa
CeEC338
DEC3é8
DEC3YB
QUT428
QUT458

Tpohlck params:

Limits:
- Q0

Q3

Q28
QOUTA
MKTOUT
CouT
P2

P5
DECO

- DEC3

a128¢C

Betal2.C:rb4

1.00CnS minimums,

27.97n$
40.85nS
42.35nS
24.55N¢
28.27n8
74.16n8
97.74nS
136.9n3
69.10nS
c9.65n5
68.74nNS
63.68nS
eQe&9nsS
60.52nS
67 .05nS
6S.42n8
59.49nS
77.07nS
73.15n8S
77.53nS
767508
76.99n5S
85.94nS
78.75nS
68.12n8S
65.37nS
68.25n5
59.66n5
57.25n3%
70.43nS
CL-;O"S
t4.85ns
4$7.05nN35
60.0&nS
6046nS
65.890nS
C4eb5NS
68.17n3S
75.74nS
77.48n8

FPGA

Catecode:

Vee = 4.50V, Vih =

3-CCVI

9143

vil = C.00vV

2€0.0nS maximum.

a1

<08
¢38
T0UTS3
MKQUTS
PO

P3

Pé
DECI
DECS
DEC7
DEC10
DEC13
DEC16
DEC1Y
pecC22
DEC25
DEC2&
DEC21
peC3s
DEC37
MOLT4O
MOUT43
MOUT 46
DEC1B
DECA4B
pecv2
DEC1CB
DeC13E
OEC1€8
DEC19%
DEC228B
CECZS®
pECzeés
DeC31eg
DEC348B
DEC37B
QUT40B
CUT&438
QUT4oB

Vee = 4.75V, Vih

1.00CnS minimums

36.63“5
29.53nS
41.79n8
24.17nS
275708
7Z2.06n8%
94.91nS
132.0nS$
67.26n5
&7.78nS

41.01n8
40.23n5
38-39n5
35.85n8S
28.12nS
£7.13nS
114.5n3
141.CnS
73.36nS
74.8€én5
t8,.87n5
66.12n5S
t4e77NS
¢7-3“HS
€4e30NS
£45.39n5S
78.0CnS
76.86n5
78.41n53
83,08&nS
80.35n5S
£7.75nS
£1.53n3
§5.39nS
68.25NnS
6b.20NS
665905
60.93nS
60.49n5
65.420S
6S5.5CnS
667408
55.6€nS
£3.%56NS
58,91nS
£7.45nN5
€5.73n5S
79.5EnS
77.38n5
77.09n5

200.0rS maximum.

a1

<08
Q3s
TOUT3
MXOUTB
PO

P3

Pé
DEC1
DEC4

222

29.95nS
228.96nS
37.22nS
34-5““5
27.37nS
65.06nS
111.3n8
136.4n5
71.28n5
72-86“5

Teme:
Page:

Q2

%18
TOUTA
COUTE
FMOUT
P

Pé

P7
DEC?2
CECS
CECS
CEC11
CEC14
CEC17
CEC20
DEC22
CEC26
CEC2S
CEC32
CeC3s
CEC3E
MCUT41
MOUTL4
MOUT4?
DEC28
DECSE
CECSE
DEC118
CEC148
CEC178
CEC2(B
DEC238
CEC2¢8
DEC258
£eCc32s
CEC358
CEC368
cuT418
OUT&L4B
OUT4T78

EOCOV' vil = 0.00V

c2
18
TOUTA
couTe
NMOUT
P1

A

7
CEC?
CECS

25 Ser #: 3

38.83nS
42.80nS
36.83nS
24.77nS
£3.90nS
84.98nS
114.7n3
120.3nS
70.66nS
70.53nS
$S7.64nS
5§9.19nS
64.15nS
65.29nS
64.10nS
64.87nS
68.25nS
714108
76.16nS
76.05nS
77.61nS
92.06“5
78.41nS
76.96nS
65.47nS
64.87nS
54.26nS
62.70nS
58.49nS
65.50nS
61.61nS
63.24nS
61.40n5S
66.58nS
64,4105
66.43nS
63.19n8S
72.53nS
78.00nS
78.21nS

37.84nS
41.63InS
35.90nS
2‘-12"5
52.29nS
82.59n3
111.1nS
116.4nS
68.64nS
68.51nS



DECo
DECY
LzC12
DEC15
.DEC18
DEC21
CECla4
DECZ27
LEC3O
0=zC33
CeEC36
CeC3s
MOUT4 2
MOUT4S
CECOB
LEC38
DeCob
JECY9S
cec1ez
CEC156
JECT188
£zC218
-ceC243
DEC273
CeC3Cs
DeEC33g
CeC3é8
DeC358
CUT4c3
OUT458

“Tphlck
Limits
Co

C3

w28
CouTA
MKTOUT
CouT
P2

T PS5
-C=Co
OECS
CECS
CEC®
DEC12
DEC15
DEC18
0eEC21
bDcCz4
DeC27
CEC3C
0cC33
QEC3S
DeEC39
MJOUTS2
MOUT4S
ECOB
CEC3B
DECOB

67908
61.84n8
58.70n¢
58.80n¢
65.47n¢8
63-81"5
€7.45n¢
75.17n8S
71.20n3
75.04n8
74485n¢
73.13n3
e3.73nS
7¢.55n¢
60.12n8S
53.4208
66.2zn8
58.,03%nS
55.77n8
65.40n¢
¢3.34nS
63.01nS
65.19nS
5&.34nS
55.00nS
04.17nS
63.1cns
66.40n3
72.77nS
75.43n8

Vce =

35.93nS
38.49nS
4C.93ns
23.63n¢
27.03n5
70.27n¢%
$2.53n$
129.2n%
65.65n8
65.12n3
65-1én5
60.34nS
57.17ns
57.25nS§
64.10nS
62.3ens
65-&1n$
73.46n8
£9.3€nS
73.95n8S
73.15n5S
71.51nS
81.55n8
74.86n8
64.56nS
61.94nS
bbhoolns

5.00v, vin =
1.0CCnS minimum,

DEC? ¢7.00nS
DEC10 64.28n5S
DEC13 ¢€2.88nS
DzC16 ¢5.7CnS
DEC19 63.19nS
DECZ? 63.81nS
DECcS 74.05n5S
CEC2é 74.81nS
DEC31 76.52n8S
DEC34 £0.85n5
CECZ7 78.7C0ns
MOUT4C £5.36n5S
MOUT4L3 79.04n3
MOUT4¢ 22.9CnS
LeEC1¢E ¢6,20ns
DEC4LE ¢2.95n3
CEC?: t4.6%nS
DEC1CH 56.2¢ns
DEC123 £8.7Cn3
DEC108 ¢3.831nS
DEC158 €2.81nS
DECzZc® €5.02nS
DECZEB 58.0Cns
JtECext 62.72n5S
OEC218 57.25n8S
DECI4E ¢5.7Cns
DEC278B €3.97nS$
CuUuT408 77 .35nS
OUT438 75.15nS
QUT4¢e:E 74 .8%nS
3.GCV’ Vll =
200.0rS maximum.
Q1 39.04nS
Gae 18.05nS
Q3 36.21n8S
TOUTE 33.93n8S
MKCUT® 26.72n3
PO 63.27n8S
P3 108.2n$S
P6 132.7nS
DEC1 ¢9.60nS
DECa 71.1EnS
DEC7 ¢5.3cn3
DeEC10 62.7z2n3
DeC13 61.29nS
DEC1¢ 04.25n8
DeC19 ¢1.63nS
DECZ2: 62.41n8
DEC2S 74.37nS
CEC28 73.1CnS
DEC31 74.84nS
DEC34 79.04nS
CEC3? 76.94nS
MOUT40 83.,47nS
MOUT43 77.05nS
MOUT &6 80.70nS
DEC1B b64.54nS
DEC4B 61.37n8
DEC?8 63.01nS

223

CeCs
0EC11
CEC14
CEC17?
Cecao
CEC23
LscC2s
Ceca¢
CeCze
LEC3S
LeC3E
MOUT 41
MCUTA4L4
MCUTAL?
CEC2E
CECSE
cecse
CeEC11m
DEC148B
CEC178
CeEC208
CEC238
CEC268
CEC258
CEC328
CEC358
CEC3EB
ouT418
CUT44B
0UT478

C.00v

Q2

<18
TOUTA
CouTe
MMOUT
P1

P&

P7
DEC2
CECS
CECs
CEC11
CEC14
CEC1?
CEC20
€zCce2?
DEC26
CEC2S
DEC32
CEC3S
CEC3E
MOUT4L
MOUTA4
MOUT4?
DEC?28
CECS8
DEC8B

56.03nS
S6.88nS
62.44nS
63.58nS
62.41nS
63.32n8
66.59nS
69.34nS
74.32nS
73.77nS
75.82nS
89.72nS
76.26nS
74.60nS
63.71nS
62.85n5
52.60nS
61.04nS
57.14nS
63.81nS$
59.87nS
61.55nS
59.69nS
65.06nS
62.70nS
65.21nS
61.53nS
70.58nS
76.05n5S
75.72nS

37.07nS
‘0.70“5
34.57nS
23.50nS
51 -OOr\S
80.52nS
108.2nS$
113.1nS
66.98nS
66.82nS
54.50nS
56.08nS
60.80nS
62.25nS
60.93nS
61.87nS
64.93nS
67.78nS
72.60nS
72.14nS
74.19nS
87.34n8S
74.58nS
72.53n$
62.07nS
61.14nS
$51.20nS



DEC9SE
DEC128
DEC158
DEC1E8
.CECZ218B
DEC248B
DECZ78
DEC303
DEC338
gsC368
DEC398
ouTL2E
QUT45E

Tphlck

Limits:

(98]
Q3
Qes
COUTA
MKTOUT
couT
- P2
P5
DECO
DEC3
DECO
GECY
£ecC1e
DEC1S5
DEC18
CEC21
- DECZ24
LEC27
DEC30
ceC33
LEC36
CEC3Y
MOUT4Z2
MOUT4S
- DECOB
- DEC3B
CEC6S
DECYB
DEC123
DEC158
DEC18B3
0EC218
DEC248B
DECZ278
- DEC308
DEC338
DEC368
pDeC398
QUT428
QUT4S58

Tphlck params:
1.00CnS minimum.,

_Linits:
Q0

S6.63nS
54.45n8
66.87nS
61.92ns
61-61“5
63.55n8
56.99n8%
57.09n3
62.€6cns
61.03n3
24.93nS
71.57ns
73.64ns

Vece =

1.00CnS minimums

35.07nS
37.56nNn8%
40.10n¢s
22.09nS
26.41nS
68.56nS
90.27ns
12¢.0nS
64.25N03
54,7708
53.78nS
S65.83nS
S5.80nS
56.00nS

62.80nS

611605
64.30NnS
71.98nS
67.88nS
72.45n8
71.80n¢$
69.96ns
79.70n¢S
73.23nS
£3.19n8
60.49n5
62.58nS
55.38nS
53.23n¢
65.47nS
60.65n8
60.33nS
62.15n8S
S5.74nS
55.85n8
61.14nS
¢0.33n8
63.58nS
69.91nS
72.11nS

ycc =

34,3408

SIZSV’ Vlh =

vil = C.00V

CEC108 57.69nS
DEC138 572.17nS
DEC168B 623303
pEC193 £2.25n5
pegz2s £3.55nS
pEC25t S6.52N0S
ceCczse ¢S5.1énS
DEC3IME 55.20nS
DECZ48B t4.25nS
0378 t2.25nS
CUT4L0Z 75.43n8S
JUT&33 73.32n3
CUT4cB 72.%4nS
2.00v,
20C.0nS maximum,
Q1 35.25NnS
«0E 37.14nS
<3e 25,30n5S
TOUTS 33.25nS
MKOUTS 26.25n8
FO 61.61nS
P3 105.6nS
P& 129.2n$
DECH £7.9¢n3
DECS ¢P.45nS
DEC7 63.81n3
DeC10 ¢1.37nS
DEC13 56.76nS
DEC1% ¢3.03nS
DEC19 ¢0.46n8S
DECZ?2 ¢1.27nS
DECZS 72.81nS
DEC20 71.57nS
DEC31 73.3EnS
oeC34 77.3EnS
DEC37? 73.3&nS
MOLT&Q 21.53n8
MCUTS3 75.4€nS
MOUTGO 78.70nS
DEC18 €3.16nS
DEC4LS £9.95nS
DEC?76 £1.53nS
UGEC108 S56.44nS
DEC138 55.85n$
DEC168B €1.04nS
DEC19E ¢1.32nS
DECZZ2R ¢2.32ns
DECZSB £5.30nS
DeEC288 €3.73nS
CEC318 S4.65nS
DEC348 62.93nS
DEC378 ¢€0.88nS
ouUT408 73.77nS
oUTL3B 71.67nS
QUT468B 71.26nS
S-OCVI

SCSOV, Vih =

Q1

224

© CEC118

CEC148
CEC178
pDEC2CB
Cec23s
CEC2¢8
DEC258
CEC3ZB
CEC3S8
CeC3es
cuTL1E
QUT4LLE
CUT&478

c2

318
TCUTA
COuUTS
MMOUT
P

P4

p?
CEC2
CECS
CECE
LEC11
CEC14
LEC17?
cecac
CEC23
CEC26
DEC29
CEC32
DEC35
ceEc3e
¥OUT41
MOUT &4
MOUTL?
DEC2E
CECS®
CECBB
CEC11B
CEC14B
CEC178
CEC208
CEC228
CEC268
CEC268
CEC328
DEC358
CEC3EB
OUT418B
CUT44B
CUT47B

vil = 0.00vV
200.0nS maximume.

27.61nS

Q2

59.40nS
55.61nS
£2.33nS
58.49nS
60.15n8
$S8.23nS
63.60nS
61.22n8
63.11nS
59.95nS
68.79n3
?24.29nS
73.77n3S

36.37nS
39,92nS
34.16nS
23.01nS
49.75nS
78.62n5
105.7nS
110.3nS
65.60n5
65.34nS
53.20nS
54.39nS
59.45nS
60.96nS
59.58nS
60.70“5
63-81“5
66.28nS
71.18n5
70.74nS
72.68nS
85.42n8S
72.92nS
70.74nS
60.62n5S
59.40nS
49.51nS
§774nS
S4.65nS
61.04nS
§$7.25nS
58.&3nS
56.94nS
62.18nS
59.71nS
62.31n5S
S8.44nS
67.21nS
72.81“5
72.11nS

35.69nS



Q3
28
QOouUTA
MKTOUT
CCouT
P2
P5
DeECO
DEC3
DECS
DEC?9
DEC12
DEC15
. DEC1E&
CeEC21
CeClé
DEC27
0EC3C
CEC33
DEC36
DEC39
MOUT4 2
-MOUT4S
DecCos
DEC38
CeCéb
DECYB
DEC1238
DEC158
DEC188
DECZ218
- DEC248
DEC278
DEC3Cs8
DeEC338
DEC3¢68
CeC39vs
ouUT428
0UT458

" Device PASSED all tests.

36.86nS
39.25nS
22.04n8
25.94n5S
67.11n¢
88.3&nS
122.0nS
63.03nS
63.50n¢S
62.44nS
57.46n8S
€4.63n3
54.97n¢
©1.79n5S
59.95n8
62.01nS
70.66n8S
66.43nS
71.15nS
70.35nS
68.64nS
78.08nS
71.70n8
61.84nS
58.86n%
61.61n8
54.2¢6n8
32.19n3
04.,12nS
59.4EnS
59.12n5S
60.93nS
54.65n8
54.73nS
59.28n3S
59.01nS
62.36nS
£8.27n8
70.66n%

208
<38
TOoUTS
MKCUTE
PG

P3

Pé
DEC
DEC&
DEC?
JEC10
2EC13
DEC16
CZIC1¢
DEC2Z
JEC2Z5
JEC28
DEC3Y
DEC34
LeEC27
MOUT4O
MOUTG3
MOUT4 6
DEC1B
DEC4B
CEC7B
DEC10¢8
DEC138
CEC1é68
DEC198
OEC228
DECcZ58
UEC2¢c¢B
DEC218
JEC34B
JEC378
JUT4L0S
QUT43e
QUT4¢EQ

225

36.44n0S
34.60nS
32.53nS
25.73nS
60.31nS
103.3nS
12¢.4nS
66.59nS
62.1enS
62.57n5S
60.10nS
5S8.47n8
61.92n8
59.22nS
60.23nS
71.44nS
70.22nS
71.9&nS
75.85n8
73.77nS
79.87nS
746.0énS
76.96nS
61.37nS
58.67nS
60.23n3
55.35n8S
54.39nS
59.79nS
59.95n8
61.14nS
S4.16n5S
62.46nS
53.51nS
61.76nS
59.53nS
72.11nS
70.0¢enS
t7.05nS

c18
TOUTA
CouTE
MMOUT
P1

P4

P?
DEC2
DECS
DECR
CEC11
DEC14
DEC17
DEC20
DEC23
CEC26
CEC2S
DEC32
DEC3S
DEC3E
MOUT41
MOUT44
MOUT4?
CEC28
DECSB
DEC8E
DEC118
CEC148
CEC178
CEC208
DEC238
CEC26B
DEC298B
CEC328
CeC3se
DEC388
OUT418
CUT448B
CUT47B

39.22nS
33.51nS
22.57nS
48.77n5
77.01nS
103.6nS
107.8nS
64.25nS
64.10nS
52.03nS
S2.94nS
58.29nS
59.69nS
S8.49nS
$59.61nS
62.44nS
65.C03nS
69.73nS
69.34nS
?71.44n8
83.81ns
71.49nS
67.70nS
59.25nS
58-00"5
48.79nS
56.47nS
53.59nS
59.79nS
S6.31nS
57.66nS
55.72nS
60.91nS
58.47nS
61.04ns
57.25nS
65.89nS
71.36nS
70.45nS
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SECTION 3.6
Life Test Results (500 hr)
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1 T
ACTEL 1280 FPGA LIFE TEST RESULTS ! T ]
240 HOURS-TEMP = 25°C e T
TEST ) UNITI2CTL [UNIT3 [UNITS UNITS [UNIT6 |UNIT? |UNITS |UNIT9 |UNIT1O UNIT11  [UNIT12
FUNC  PASS PAss | [PASS _ |PASS |PASS [PASS |PASS  IPASS PASS PASS
VOH  IPASS . |PASS  [PASS _'PASS IPASS PASS PASS [PASS 'PASS  PASS PASS ASS |
voL ngssﬁ_u PASS  [PASS  |PASS I PASS PASS PASS  PASS PSS ‘ngsg PASS
IS8 7PAsrsmﬂw ﬂ\ss [PASS _ |PASS  'PASS  PASS IPASS IPASS PASS PASS PSS
I [PASS  |PASS IPASS  IPASS IPASS _|PASS  |PASS  [PASS PASS _ PASS  PAss
o \PASS _ . _PAss pass” _[PAss PASS PASS 'PASS  |PASS PASS gg§s_ 'Pass
021 iAss B PASS ASS “IpAss IPass  IpAss IPass  pass Tpass PASS VPASS
1024 'pASS o PASS PASS _ PASS |PASS _PASS _|PASS 'PASS  'PASS 'PASS
VIH PSS o PASS PASS PASS ‘PASS PASS [PASS  PASS IPASS  PASS PA$§_V
VL pass _[PASS_ [PASS  [PASS  IPAss [PASS |PASS [PASS |PASS IPass Tpass
oS
P2 PASS [PASS _|PASS |PASS |PASS |PASS |PASS IPASS [PASS [PASS 'PASS |
TPZH PASS PASS |PASS _|PASS [PASS |PASS |PASS  |PASS IPASS  PASS _ [PASS |
TPLHCK  [PASS PASS [PASS  [PASSPASS PASS_ |PASS  [PASS  'PASS |
TPHLCK  [PASS PASS |PASS |PASS |PASS  |PASS  PASS
I ' —
[ |ACTEL 1280 FPGA LIFE TEST RESULTS | l | L
| | I | B
500 HOURSTEMP 25°c | I L |
TEST umnzcn UNIT3 [UNITA [UNITS |UNITG |UNIT7 |UNITS [UNITS  UMIT10 [UNIT11 UNIT1Z |
FUNC  [pAsS PASS [PASS PASS |PASS [PASS [PASS PASS IPASS  [PASS pAss
VOH ‘PASS \PAss _[PASS _ |PASS [PASS (PASS IPASS  IPASS PASS  [PASS _PASS
voL JPAss L ! PASS |PASS IPASS  PASS PASS
IS8 7_HwPA‘S§_ﬁi_ IPASS [PASS  |PASS +g/\ss IPASS  [PASS  |PASS  |PASS _ |PASS PASS
- Egs_smh +PAss PASS |PASS PASS PASS |PASS |PASS  |PASS PASS PASS
| | | :
IH 'pass \PASS__ |PASS  |PASS [PASS [PASS |PASS PASS |PASS [PASS ‘PASS“H
1021 PSS |PASS _PASS |PASS |PASS |PASS |PASS PASS PASS  'PASS  |PASS
lozh PASS PASS _[PASS PASS PASS |PASS |PASS IPASS PASS  'PASS PASS
ViH PASS _ |PASS |PASS [PASS |PASS |PASS |PASS [PASS  |PASS  |PASS  'PASS
VIL  PAss IPASS  [PASS_ |PASS  |PASS [PASS PASS PASS _|PASS  PASS  PASS |
TPZL  |PASS PASS |PASS |PASS |PASS |PASS |PASS |PASS  PASS PASS  |PASS
TPZH _ |PASS PASS |PASS |PASS _|PASS |PASS |PASS |PASS IPASS  PASS \PASS
TPLHCK  |PASS PASS |PASS |PASS |PASS [PASS |PASS IPASS IPASS  |PASS PASS
TPHLCK PA sS PASS [PASS |PASS [PASS |PASS |PASS |PASS |PASS PSS |PASS
i
229 1 o
. PatBt g Mt SLANK QY FILMED
Yo R



9-Jun-92

|isb

i
T

_;___4;_,___4_”———
| VCC=4.75V,INS=4.75V,0UTS = OPEN,LIMIT = 133.3ua MIN,25ma MAX

: VCC-5.25V,INS=5.25V,0UTS - OPEN,LIMIT = 210.0ua MIN,25ma MAX

ACTEL 1280 FPGA LIFE TESTS PERFORMED
|

_'vcc=4.50V, VIH =3.00V,ViL=0.00V

VCC-4.75V,VlH-3.00V,V|L-0.00V| | ! \

VCC=4.76V.VIH=3.00V V1L =0.00V o= 4.00ma LIMIT - 3.70V MINSSOVMAX | 120
VCC.~5.00V.VIH=3.00V,VIL=0.00V.Io = -4.00ma, LIMIT = 3.70V MIN.5.50V MAX
VCG.~5.25V.VIH=3.00V,VIL=0.00V lo = 4.00ma,LIMIT - 3.70V MIN.5.50V MAX

VCC =5.50V.VIH = 3.00V,VIL=0.00V lo= 4.00ma,LIMIT =3.70V MIN,5.50V MAX 120
VCC = 4.40V,VIH =3.00V,VIL=0.00V o - 6.00ma,LIMIT =0.00V MIN,0.400V MAX 120
VCC =4.75V,VIH = 3.00V,VIL=0.00V lo~- 6.00ma,LIMIT =0.00V MIN,0.400V MAX 120
VCC =5.00V,ViH =3.00V,ViL=0.00V,lo= 6.00ma,LIMIT =0.00V MIN,0.400V MAX 120
VCC =5.25V,VIH =3.00V,VIL=0.00V,lo= 6.00ma,LIMIT =0.00V MIN,0.400V MAX 120

'VCC =4.50V,INS=4.50V,0UTS - OPEN,LIMIT = 123.3ua MIN,25ma MAX

] »VCC-5.50V.VIH-3.00V,VIL-0.00V.I0-6.00ma,LlMlT-0.00V MIN,0.400V MAX 120

'VCC =5.00V,INS=5.00V,0UTS - OPEN,LIMIT = 180.0ua MIN,25ma MAX

|

IvCC=5.50V,INS=5.50V,0UTS = OPEN,LIMIT = 240.0ua MIN,25ma MAX 1
VCC=4.50V,VIN=0.00V,LIMIT =-10.00ua MIN, + 10.00ua MAX
VCC=4.75V.VIN=0.00V, LIMIT=-10.00ua MIN, + 10.00ua MAX

'VCC=5.50V,VIN=0.00V LIMIT=-10.00ua MIN, + 10.00ua MAX |

lih 'VCC=4.50V,VIN=4.50V,LIMIT =-10.00ua MIN, + 10.00ua MAX |

VCC=4.75V VIN=4.75V,LIMIT =-10.00ua MIN,+ 10.00ua MAX
__|vce~ 5.00V,VIN=5.00V,LIMIT =-10.00ua MIN, + 10.00ua MAX

iVCC=5.25V,VIN=5.25V LIMIT = -1 0.00ua MIN,+10.00ua MAX |
VCC=5.50V,VIN=5.50V,LIMIT=-10.00ua MIN, + 10.00ua MAX i

'VCC=4.50V.VIN=0.00V,LIMIT =-10.00ua, MIN, + 10.00ua MAX
VCC =4.75V,VIN=0.00V,LIMIT =-10.00ua, MIN, + 10.00ua MAX
VCC=5.00V,VIN=0.00V,LIMIT=-10.00ua, MIN, + 10.00ua MAX
VCC=5.25V,VIN =0.00V,LIMIT =-10.00ua, MIN,+10.00ua MAX
VCC=5.50V,VIN=0.00V,LIMIT =-10.00ua, MIN, + 10.00ua MAX
VCC=4.50V,VIN=4.50V.LIMIT =-10.00ua, MIN, + 10.00ua MAX
'VCC =4.75V,VIN =475V LIMIT = 10.00ua, MIN, + 10.00ua MAX
'VCC = 5.00V,VIN=5.00V LIMIT=-10.00ua, MIN, + 10.00ua MAX
VCC =5.25V VIN=5.25V LIMIT =-10.00ua, MIN, + 10.00ua MAX
VCC=5.50V,VIN=5.50V,LIMIT =-10.00ua, MIN, + 10.00ua MAX

'VCC = 5.00V,VIN=0.00V,LIMIT =-10.00ua MIN, + 10.00ua MAX |

B ~VCC=5.25V,VIN = 0.00V,LIMIT =-10.00ua MIN, + 10.00ua MAX T

| 1

b

s
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Vih  VCC=4.50V,LIMIT =800.0mv MIN,2.00V MAX 23

| _ VCC=4.75V,LIMIT=800.0mv MIN,2.00V MAX 23
| VCC=5.00V,LIMIT =800.0mv MIN,2.00V MAX 23

| VCC=5.25V,LIMIT=800.0my MIN.2.00V MAX 23

~ VCC=5.00V,LIMIT=800.0mv MIN,2.00V MAX 23

) Vil VCC=4.50V.LIMIT=800.0mv MIN,2.00V MAX | . n
 VCC=4.75V,LIMIT =800.0mv MIN,2.00V MAX .

B . _VCC =5.00V,LIMIT -800.0mv MIN,2.00V MAX : . 2
; ~VCC=5.25V,LIMIT -800.0mv MIN,2.00V MAX £

© [VCC=5.00V,LIMIT -800.0mv MIN.2.00V MAX R X

T VCC=450V,VIH=3.00V,VIL=0.00V LIMIT=1.00ns MIN.200.0ns MAX | | 112

I VCC=4.75V,VIH=3.00V,VIL=0.00V LIMIT= 1.00ns MIN,200.0ns MAX | | 112
o VCC=5.00V,VIH=3.00V,VIL=0.00V,LIMIT=1.00ns MIN.200.0ns MAX 112

r e VCC=5.25V,VIH = 3.00V,VIL = 0.00V,LIMIT = 1.00ns MIN,200.0ns MAX 12
 VCC=5,50V,VIH=3.00V,VIL=0.00V LIMIT = 1.00ns MIN,200.0ns MAX 12

Tpth  [VCC=4.50V,VIH=3.00V,VIL~0.00V,LIMIT = 1.00ns MIN,200.0ns MAX | 112

- VCC =4.75V,VIH=3.00V,VIL = 0.00V,LIMIT = 1.00ns MIN,200.0ns MAX 12
) VCC =5.00V,VIH=3.00V,VIL=0.00V,LIMIT = 1.00ns MIN,200.0ns MAX 12

i ~[VCC=5.25V,VIH = 3.00V,VIL = 0.00V,LIMIT = 1.00ns MIN,200.0ns MAX 112
- ~ |VEC=5.50V,VIH = 3.00,VIL = 0.00V,LIMIT = 1.00ns MIN,200.0ns MAX 112
| ITphck  VCC=4.50V,VIH=3.00V,VIL=0.00V,LIMIT - 1.00ns MIN,200.0ns MAX - 120
) VCC =4.75V,VIH=3.00V.VIL=0.00V,LIMIT = 1.00ns MIN,200.0ns MAX 120

) 'VCC=5.00V,VIH =3.00V,VIL = 0.00V,LIMIT - 1.00ns MiN,200.0ns MAX 120

VCC = 5.25V.VIH =3.00V,VIL = 0.00V,LIMIT = 1.00ns MIN,200.0ns MAX 120

VCC =5.50V,VIH=3.00V,VIL=0.00V,LIMIT = 1.00ns MIN,200.0ns MAX | 120

Tohick |VCC=4.50V.ViH=3.00V.VIL=0.00V,LIMIT = 1.00ns MIN,200.0ns MAX 120

VCC =4.75V,ViH = 3.00V,VIL=0.00V,LIMIT = 1.00ns MIN,200.0ns MAX - 120

- ~ IVCC=5.00V,VIH= 3.00V,VIL = 0.00V,LIMIT = 1.00ns MIN,200.0ns MAX o
. VCC-5.25V,VIH=3.00V.VIL=0.00.LIMIT = 1.00ns MIN.200.0ns MAX | 120
'VGC =5.50V,VIH=3.00V,ViL= 0.00V,LIMIT - 1.00ns MIN,200.0ns MAX L 10
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Actel 1280 - Total Dose Radiation Test Report 7/7/92

1.0 Purpose
The purpose of this test is to characterize the Actel 1280, 1.2um CMOS FPGA, for space
application total dose environments.

2.0 Background
Previous total dose testing of the Actel 1020, 2.0um CMOS FPGA performed by Hughes

Aircraft Company (HAC) found a significant increase in the minimum Vdd during post rad
ambient (25 deg C) annealing testing. In addition, a two to three times increase in Idd was
observed. The Actel 1020 tests concluded that the 1020 device was acceptable to 100K rad.
Since the Actel 1280, 1.2um component is based on the same process similar results were
expect. During the Actel 1280 testing, a focus was placed on the increases in the Vdd and Idd.

3.0 Test Procedure
The test procedure used to evaluate the Actel 1280 device is identical to the procedure used for
the 1020 device. A copy of the test procedure is provided in Appendix A. A summary of the
procedure is described below:

Test A: Tri-state output buffer characterization.
Measure the following parameters of the tri-state output buffer:
Voh, Vol, los, Leakage, Tr, Tf, Tplh, Tphl, Tphz, Tpzh, Tplz, Tpzl
Four outputs per device are tested.

Test B: Standard input/output buffer characterization and combinatory logic delay test.
Measure the following parameters of the standard output buffer:
Voh, Vol, los, Vih, Vil, lih, Iil, Tr, Tf, Tphl, Tplh
Four output/input per devices are tested.

Measure the delay through the following logic elements:
3 input AND, 4 input AND, 3 input OR, 4 input OR
50 gates of each type are changed together in series.
One chain of each gate type per device are tested.

Test C: Flip-Flop characterization.
Measure the following parameters of the D-type ﬂop flop:
Tsu, Thd, Tpd, minimum clock pulse width, clock skew
Four flip-flops are tested.
The clock skew measures the maximum clock skew across the entire die.

Test D: Speed and minimum Vdd charactenization.
Measure the maximum operating frequency of a 12 bit binary counter.
Measure the minimum Vdd that the 12 bit binary counter will operate.
One counter per device is tested.
The counter fails the tests when it fails the functional count vectors.

Test E: Static Idd and dynamic Idd measurement.
Measure the static Idd.
Measure the dynamic Idd at SMhz, 2Mhz, and 1Mhz.

Hughes Aircraft Company 1
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Actel 1280 - Total Dose Radiation Test Report 7/7192

4.0 Test Samples
A total of 26 sample parts are used from two diffusion lots ( 13 from each lot). The parts were
provided by Actel. Both lots are from the Matsushita's 1.2um production process. All parts are
programmed at HAC. Twenty-four parts are for testing and two are for control.

5.0 Test Flow
Test samples shall be divided into four groups of six (three devices from each diffusion lot).
Each group shall be exposed at a single total dose level then annealed in accordance with Table
1. Electrical tests shall be performed pre-rad, post-rad, and following each annealing period.
Bias voltage shall be maintained during exposure, anneal, and transportation periods. Unbiased
periods shall not exceed one minute at any one time.

Group Number Quantity Total Dose Anneal Procedure
(K rad) (Cumulative hours)
1 6 20 1 hour at 25 deg C

3 hours at 25 deg C
24 hours at 100 deg C
48 hours at 100 deg C
72 hours at 100 deg C
168 hours at 100 deg C

2 6 70 Same as above
3* 6 100 Same as above
4 * 6 200 Same as above

Table 1 - Total Dose Levels and Anneal Procedure
* Note: These levels were not performed due to the 70K rad test results.

6.0 Bias Conditions
All devices are biased during irradiation, anneal, and transportation. This circuit holds the reset low
to ensure that all parts are held in a fixed known state. Four outputs are held high while in the high
Z state. The remaining outputs are left open with some driven low and some driven high.

Two bias boards are used. The exposure bias board holds two test samples, the anneal bias board
holds six devices. Both bias boards use zero insertion force sockets.

7.0 Radiation Source
The two radiation sources used are the Hughes Gammacell 220, Cobalt 60 irradiators with dose rates
of approximately 83.37 rad (Si)/sec and 123.59 rad (Si)/sec. These cells have a MIL-STD-883,
Method 1019 compliant Pb-Al scatter cutter and temperature controller installed. Parts are irradiated
two at a time, maintaining dose uniformity to within ten percent.

8.0 Test Result Summary
Group 2 (70 K rad) test was performed first. The cell is rated at 123.57 rad/sec. The total dose time
is 9.48 minutes. A total of four parts (S/N 2, 3, 5, and 6) were irradiated to 70K rad. S/N 2 and 5
were irradiated first then tested, then S/N 3 and 6 were irradiated, then tested. The Idd current and
temperature was monitored while the parts were irradiated. When the exposure started a rapid
increase in 1dd current was noticed. Within 90 seconds of the start of the exposure the Idd value
reached 60ma per device. This was approximately a 350 times increase in the pre-rad Idd value. The
power supply current limit was increased to 300ma (to yield 150ma per device) and within 140
seconds the Idd current reached 150ma per device. At this point the current limit of the power supply
was not increased because of the risk of thermally damaging the devices. The power supplies current
limited at 300ma (total for both devices) and the Vdd voltage dropped to 2.4 volts during the

Hughes Aircraft Company 2
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remainder of the exposure. Once the exposure stopped, a rapid and steady decrease in Idd current
was noticed. The devices were removed from the chamber and placed in the bias board for
transportation to the test area. The total time that the devices were unbiased was less than one
minute. Table 2 summarizes the Idd measurements for the "0 hour”, "1 hour”, and "3 hour" tests.

Static Idd (ma)

Hour S/N 2 S/N S S/N 3 S/N 6

"0 hr” 23.9 no data 79.0 25.3
(25 deg ©) actual time available actual time actual time

46 min 21 min 23 min

"1 hr” 22.9 16.8 60.4 20.7
(25 deg C) actual time actual time actual time actual time
1 hr 6 min 1 hr 29 min 1 hr 2 min 1 hr 3 min

"3 hr" 18.5 14.9 52.3 18.6
25 deg C) actual time actual time actual time actual time
3 hr 22 min 3 hr 24 min 2 hr 0 min 2 hr 2 min

Table 2 - Static Idd Current - 70K rad - Ambient Anneal

In addition to the Idd measurements a complete set of tests corresponding the test procedure
described in Appendix A was collected.

During device testing difficulty was encountered in powering-up the devices. The static Idd current
decreased to a reasonable level quickly post-rad but the power-up (inrush) Idd current was very high.
While testing the devices post-rad the current limit level of the tester power supply had to be set as
high as 300ma to guarantee that the parts would power up to 5.0 volts. This is the reason that no
data was available on S/N 5 "0 hr". The tester was set at it's maximum current limit value of 450ma
and the device still would not power-up. Once the devices were at 5.0 volts the Idd current remained
at it's static value.

During the post-rad testing a minimum Vdd test was performed. As described in the test procedure
in Appendix A, a 12 bit binary counter was programmed in each device and clocked at 1 Mhz. The
Vdd voltage was continuously decreased until the counter fails to count "correctly” (note, "correctly”
means a simple functional check of the binary count sequence). This test was used to help assess
threshold shifts due to radiation. The minimum Vdd observed pre-rad was 2.11 volts. This value was
very consistent among all devices. Table 3 lists the minimum Vdd value during the ambient
annealing period.

Minimum Vdd
(volts)

Hour S/N 2 S/IN 'S S/N 3 S/N 6
"0 hr” 2.54 no data 4.41 2.63
(25 deg C) actual time available actua] time actual time

46 min 21 min 23 min
"1 hr” 2.56 2.79 3.70 2.64
(25 deg C) actual time actual time actual time actual time
1 hr 6 min 1 hr 29 min 1l hr 2 min 1 hr 3 min
"3 hr* 2.61 2.84 3.35 2.66
(25 deg C) actual time actual time actual time actual time
3 hr 22 min 3 hr 24 min 2 hr 0 min 2 hr 2 min
Table 3 - Minimum Vdd - 70K rad - Ambient Anneal
Hughes Aircraft Company 3
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In general the minimum Vdd value increased post-rad during the ambient annealing period from the
"0 hr" to the "3 hour" tests except for S/N 3.

Once the ambient annealing period was complete the high temperature annealing began. During high
annealing, each devices was tested at 24, 48, 72, and 168 hours. The devices were biased and
annealed at 125 deg C. The complete test procedure was performed on each device during each test
time. Close attention was focused on the Idd current and the minimum Vdd value. Table 4 lists the
Idd measurements during temperature annealing.

Static Idd (ma)

Hour S/IN2 SINS S/IN3 SIN 6

24 hr 80.6 94.1 111.0 92.0
(125 deg C)

48 hr 62.8 70.6 86.6 65.7
(125 deg )

72 hr 54.9 57.1 73.9 46.2
(125 deg C)

168 hr 20.1 18.5 33.6 14.4
(125 deg ©)

Table 4 - Static Idd Current - 70K rad - Temperature Anneal

As shown in the Table 4, an large increase in Idd current occurred after the first 24 hours of
temperature annealing for all devices and within 7 days fell off to a fairly low level.

The minimum Vdd displayed a continuous upward shift during the annealing period as shown in
Table 5.

Minimum Vdd
(volts)

Hour S/N2 S/N S SIN3 S/N 6

24 hr 2.88 2.99 2.81 2.81
(125 deg ©)

48 hr 4.11 4.11 4.00 4.00
(125 deg ©)

72 hr 4.11 4.11 4.00 4.11
(125 deg ©)

168 hr 4.11 4.11 4.11 4.11
(125 deg C)

Table § - Minimum Vdd - 70K rad - Temperature Anneal

The minimum Vdd value clamped at approximately 4.11 volts for all devices. This is an 2 volt
increase over the pre-rad value.

Based on the performance of the four devices at 70K rad, a lower value total dose test of 20K rad
was performed next. In addition to a lower total dose value a different dose rate chamber was used.
The chamber is rated at 83 rad/sec. A different dose rate chamber was selected in order to see if the
dose rate would significantly affect the rate of Idd increase during the exposure period. Four devices
(S/N 7, 8, 9, and 10) were tested pre-rad then irradiated biased to 20K rad. Like the 70K rad test,
immediately after the exposure started a rapid increase in Idd current was observed. Within 180
seconds of the start of the exposure the Idd current reached 150ma per device. The power supply
current limit was increased to 500ma (250ma per device) to prevent a current limit voltage drop.

Hughes Aircraft Company 4
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During the exposure of S/N 7 and 8, at about 20 seconds before the end of the exposure period (the
Idd current was now at approximately 200ma per device) a sudden jump in Idd current forced the
power supply into current limit at 500ma (total for both devices) and the Vdd voltage to drop to 2.4
volts. The devices stayed in this high current mode for the remainder of the exposure period. It is
unknown what caused the sudden (instantaneous) increase in Idd. Devices S/N 9 and 10 did not
exhibit this problem. After the exposure was complete the devices were transported biased to the test
area for the "0 hour”, "1 hour”, and "3 hour" tests. Same as for the 70K rad devices, a high inrush
current was required in order to power-up the devices. In the 20K rad cases ALL devices would not
power-up even with the tester power supply set to it's maximum value of 450 ma. Even after 3 hours
of ambient annealing the devices would not power-up. At this point the devices were place in the
oven to start temperature annealing. After 24 hours of temperature annealing the devices were tested,

all devices powered-up correctly. Table 6 summarizes the Idd measurements duning the post-rad
temperature annealing period.

Static [dd (ma)
Hour S/N 7 S/N 8 S/IN9 S/N 10
24 hr 2.21 .673 750 .743
(125 deg ©)
48 hr 121.5 119.5 151.5 144.5
(125deg ©)
72 hr 89.6 84.1 102.3 100.8
(125 deg C)
168 hr 26.6 22.9 33.4 30.2
(125 deg C)

Table 6 - Static Idd Current - 20K rad - Temperature Anneal

Like in the 70K rad case, the Idd current increased during the initial annealing period and decreased
to a fairly low level at the end of the 7 day period.

The minimum Vdd tests did not detect any real change in the Vdd value at 20K rad during the
annealing period. Table 7 is a summary of the minimum Vdd test results.

Minimum Vdd
{volts)

Hour S/IN7 S/N 8 S/N9 S/N 10

24 hr 1.2 2.00 2.00 2.00
(125 deg C)

48 hr 2.00 2.05 2.25 2.00
(125 deg C)

72 hr 2.00 2.00 2.00 2.00
(125 deg C)

168 hr 2.00 2.00 2.00 2.00
(125 deg C)

Table 7 - Minimum Vdd - 20K rad - Temperature Anneal
Hughes Aircraft Company 5
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The above documentation only discussed the two key parameters, Idd and minimum Vdd. The
actually test performed measured a wide variety of parameters as described in Appendix A. Table 8
list some of the other parameters measured and the variation over the pre-rad value after the 7 day
annealing period. Table 8 is data for the 70K rad case. 20K rad test data was also taken with similar

results.
Test Name Pre-Rad Value Post-Anneal Value Comments
70K Rad
tri-state buffer S/N 2 = 18.05 ns S/N 2 =18.20ns low-to-high
propagation delay S/N 5 = 19.00ns S/N 5 = 16.00ns measurement
Tphl
tri-state buffer S/N2 = 4.81v S/N 2 = 4.80v Ioh = 3.2ma
output voltage high S/INS = 4.79v S/N5 =4.79v
Voh
tri-state buffer S/N 2 = .075v S/N 2 = .080v Iol = 4.0ma
output voltage low S/N§ = .082v S/IN5 = .085v
Vol
tri-state buffer S/IN2 = 4.15na S/N2 = 6.17na tri-state buffer in high-
output current leakage S/IN5 = 4.20na S/NS = 5.04na Z state with output tied
lozh to Sv.
4 input AND gate S/N 2 = 395.0ns S/N 2 = 444.0ns fifty 4-input AND
propagation delay S/N 5§ = 428.0ns S/N 5 = 482.0ns | gates in series. Low-to-
Tplh high measurement.
standard buffer S/N2 = 4.81v S/N 2 = 4.80v Ioh = 3.2ma
output voltage high SIN5 =4.79v SINS = 4.79v
Voh
standard buffer S/N 2 = .075v S/N 2 = .080v Iol = 4.0ma
output voltage low S/IN'S = .082v S/INS = .085v
Vol
standard buffer S/N2 =34Tma S/IN2 = 33.15ma output buffer in low
output low short circuit S/NS =32.6ma S/NS = 31.4ma state while tied to +5v
llos
standard buffer S/IN2 = 26.8ma S/N2 = 24.65ma output buffer in high
output high short circuit S/NS = 23.9ma S/INS = 22.20ma state while tied to
Thos ground
standard input S/N 2 = 1.36v SIN2 = 1.72v
logic O threshold SIN5 = 1.37 SINS = 1.74v
Vil
standard input S/IN2 = 1.38v SIN2 =1.72v
logic 1 threshold SIN5 = 1.39v S/INS = 1.74v
Vih
D-type flip-flop S/N 2 = 20.20ns S/N 2 = 23.15ns | propagation delay from
propagation delay S/N5 = 22.30ns S/N 5 = 25.10ns the D input to the Q
Tdg output
frequency test S/IN2 = 16.4Mhz | S/N2 = 14.3Mhz maximum frequency
Fmax S/NS5 = 149Mhz | S/N5 = 13.0Mhz that the 12 bit binary
counter will operate
dynamic Idd current S/N2 = 17.26ma | S/N 2 = 29.63Mhz frequency at SMhz
Idd(dyn) S/N5 =15.45ma | S/NS = 26.4Mhz

Table 8 - Test Data for S/N 2 and 5 Post-Anneal - 70K Rad
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As shown in the table 8, the other characteristics of the Actel 1280 devices showed little changes
with radiation. Table 8 is data for only S/N 2 and S but the other parts tested exhibited similar
results.

9.0 Summary

The radiation testing stopped after the 20K rad test were complete. Based on the high Idd currents
seen dunng the exposure and annealing periods the Actel 1280 devices seem to be sensitive to the
effects of radiation at levels as low as 20K rad. This test data does not conclude that the devices are
not acceptable for use in a radiation environment but additional testing must be performed to assure
that the high Idd currents will not significantly degrade the reliability of the devices. Additional
testing at levels of 10K rad and lower will be performed by Hughes at a later date (current schedule
for testing is unknown).

Hughes Aircraft Company 7
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Objective: -

Circuit: -

Layout: -

I. TESTA

To measure electrical parameters Vou, VoL los, and leakage

current of tri-state output buffers.
To measure timing parameters Tr, Tf, TPHL, TPLH, TPHZ, TPzH, TPLZ,

TPz

Refer to Figure 1.

A total of four Test Circuit - Tri-State Buffer's would be used
in a design.

Refer to Figure 2.
One test circuit would be used on each side of an Actel part.

Simulation Results: NONE

Test Procedure:

INTA =« VCC

2Quseg Vee
< IN2A
'“i/(m A 2Wse N\ QD

o
1.5V

el

IN2A = GND

Measure electrical and timing parameters of all four test circuits.
Measure VOH at IOH = -3.2 ma and IOH = -20 va
VOL atlOL = 4 ma and lOL = 20 va.

(TEST ONLY ONE OUTPUT AT A TIME)
Measure output short circuit current los for :

VOH shorts to GND for maximum of 20 msec.

VOL shorts to VCC for maximum of 20 msec.

(TEST ONLY ONE OUTPUT AT A TIME)
Disable tri-state output buffers and measure output leakage
current.
Measure timing parameters according to the following figures:

IN1A a VCC

10% = 0.5V
| % 90% ' 90% = 4.5V

i
|15V| A 10% 10%
= Tr' I |

¢ TPHL Tt
* Also measure Tr and Tf between 1V and 4 V

IN2A = Vce

[a—23seC. g

f—2Quseg. gy
'WM 'W‘M
A Ve | ¥V o ao! | = loos
w szfn;‘ | oz |
- = 4

va. s TPLZ
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voltage load would

Measure output current | as a functio

Set an output to @ logic low state with a voltage load of 0 V. The

pe sweptto 5 Vin 0.5V steps.

Set an output to 2 logic high state with
pe sweptto 0 Vin 0.5 V steps.
Measure output current l as a function of output voltage V.

voltage load would
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PAD A
INTA D \ v of anp2 v
INBUF
[ E PAD
PAD Al N\
'N_____|2A 0 ZI__ >___Y gl an02 0 Z_Y__O_'f‘
INBUF TRIBUFF

Test Circuit A - Schematic Diagram
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. TESTB

To measure propagation delay for 4 different types of
combinational logic.

. To measure Von.VoL. and los of output buffers.

. To measure Vix,, ViL. and input leakage current.

Objective:

Circuit: - Refer to Figure 3.
- Type 1 - 50 3-inputs AND gates.
- Type 2 - 50 4-inputs AND gates.
- Type 3 - 50 3-inputs OR gates.
- Type 4 - 50 4-inputs OR gates.

Layout: - Refer to Figure 4.

Simulation Results: Refer to Figure 5.

Test Procedure:
- Measure propagation delay from input to output of all four test
circuits according to the following figure:

20usec
IN ' =
50% 50% G\D
| |
|
outr | 7 I :SO%
TPLH TPHL

- Measure T, and Ty according to the following figure:

) 20usec
e~ — >
IN ==
50% 507N G\D
10% = 0.5V
| % i W% 90% = 4.5V
ot 0% 10%
Trl l'n

'Alsomeasut:eTrandleetv-v‘eenWandAtV

. Measure VOH at loH = -3.2mA and loH = -20 vA.
VOLatloL= 4 mA andloL= 20 vA.
( TEST ONLY ONE QUTPUT ATATIME)
- Measure output short circuit current los for Vo shorts to GND
and VoL shorts to Vcc for maximum of 20 msec.
( TEST ONLY ONE QUTPUT AT ATIME)
- Measure input voltage level V4 and VIL-
- Measure input leakage current I_at Vin = Vec or GND.
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Set an output to a logic low state with a voltage load of 0 V. The

voltage load would be swept 1o 5 Vin 0.5 V steps.
Measure output current | as a function of output voltage V.

Set an output to a logic high state with a voltage load of 5 V. The

voltage load would be swept to 0 V in 0.5 V steps.
Measure output current | as a function of output voltage V.
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PAD
o‘g l > Y
IN_AND3

INBUF

1

49

Bl ano3 W

i (o]

=Ea

50

AND3

PAD ‘ |
D YL Bl anpa AND4
IN_AND4
INBUF
49 350
A A
%— AND4 —%— ANDA
1 2
PAD A
Y
IN_OR3
INBUF
49 S0
A A
OR3 + OR3
PAD ' 2
Al
A
0 Y OR4 Y 8] or4
IN_CR4 d
INBUS
49 50
OR4 B 1 or4

OUTBUF

OUuTBUF

OUTBUF

OUTBUF

Test Circuit B - Schematic Diagram
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1 msecC

INPUT
ITI.H ‘TIHL
| 1 '
O_AND3
i l |
|TZLH | ITZHLI
O_AND4
| I}I
H
ITZSL’-! [ &
O_OR3
l [} ] i
TaLH| 4
|
0_OR4

AND3
AND4
OR3
OR4

TILH= 456.1 ns
T2LH= 8639 ns
T3LH= 416.1 ns
T4lH= 4970 ns

TIHL =
T2HL =
T3HL =
T4HL =

422.4 NS
493.7 ns
4535 ns
473.3 ns

Test Circuit B - Simulation Timing Diagram
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Objective:

Circuit:

Layout:

. TESTC

To measure setup and hold time, propagation delay, and minimum

clock pulse width.
To determine the clock skew.

Refer to Figure 6.
Four sets of flip-flops (A0,A1), (BO,B1), (Co,C1), and (D0,D1)
would be used in the design.

Refer to Figure 7.

All flip flops are manually placed. FF1is placed closest to the
clock buffer and FF2 is placed farthest from the clock buffer. Flip
flops (A0,A1) and (D0,D1) are placed on different row of logic
module. Flip flops (B0,B1) and (C0,C1) are placed on the same
row of logic module.

Simulation Results:  Refer to Figure 8.

Test Procedure:

Measure the setup and hold time by dithering the clock input and
monitor for output QAQ according to the following figure:

RESET

| 20, : (sample QAQ 20 usec after the
rising edge of the clock)

Measure the minimum clock pulse width (Tw) that triggers flip
flop output QA0 to change from low 10 high. See the following
timing diagram:

RESET
lSOusI
120us
DA Tw
cLocK 20us
QAD I | |

20
V205 (sample QAO 20 usec after the

rising edge of the clock)
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Measure flip flop propagation delay (Tpd) according to the
following figure:

RESET

I S0us |
|120us
DA J,;Ousl
QLo 50"5(2?;\____
QA0 oA

{Ted|

Measure the clock skew (Tsk) according to the following figure:

RESET
l S0us I
oA |

2 20Us

Repeat the same measurements for the other three sets (B0,B1),
(Co,C1), and (DO,D1).
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AQ PAD

DA i Y D
0 o FF1 ¢ QA0
INBUF oFCig QUTBUF
PAD
Y
CLOCK _ 0 | > K
CLKBUF Cﬁ;‘
Al
. PAD
o FF2 o.__—{" >_.®—:—- QAl
DFC1B
OUTBUF
>cu<
CLR
PAD ?
RESET 0 N Y
INBUF

Test Circuit C - Schematic Diagram
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RESET

10 msec

DA

CLOCK

QAO

QA1

Elip Flops (AQ. A1)
Tsetup = 145 ns
Thold = 0O ns
Tpd = 23.1 ns
Tskew = 0.3 ns
Tw = 8.6 ns
Flip Flops (COC1) :
Tsetup = 13.0 ns
Thold = 0O ns
Tpd = 238 ns
Tskew = -0.2 ns
Tw = 86 ns

Elip Flops (BOB1) :
Tsetup = 125 ns
Thold = O ns
Tpd = 24.1 ns
Tskew = -0.3 ns
Tw = B6 ns
Elio Flops (DOD1)

Tsetup = 18.0 ns
Thold = O ns

Tpd = 235 ns
Tskew = 0.7 ns
Tw = 86 ns

Test Circuit C - Simulation Timing Diagram




Objective: -
Circuit: -
Layout: -

Simulation Test

Test Procedure:

Iv. TESTD

To characterize performance and vdd minimum.

Refer to Figure 9.

Refer to Figure 10.

Results: NONE.

opOOoP

Q ™

r

Set ENA o logic 1.

Clock Rate = 10 Mhz (TBR)

increase clock rate by 0.2 Mhz (TBR)

Enable RESET for 10 msec.

Verify counter outputs change from 000 through FFF and

back to 000.

Repeat steps C through e until the counter outputs are invalid.
Record the last clock rate (ie. the clock rate at which the counter
starts failing).

Set ENA to logic 1.

Enable Reset for 10 msecC (TBR).

Clock Rate = 1 MHz.

Reduce Vdd until counter outputs are invalid.
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PAD
D
RCO g—-‘— RCO
PAD
‘> Y
ENA % |Z ENA CUTBUF
PAD
INBUF CN12EC it D Yil
yiop—— OUTBUF
PAD S —
RESET__ o0 Y R -
-
INBUF
P —
CLOCK i
D \ >c N
————-‘z’—‘ >———1 )CLK
-
CLKBUF N
[
i —
PAD
) ‘ > & v
Y0 YO

OUTBUF

Test Circuit D - Block Diagram
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Objective: -

Circuit: -

Layout: -
Simulation Test

Test Procedure:

V. TESTE

To measure lcc current.

Refer to Test Circuit A, B, C, and D.

Refer to Test Circuit A, B, C, and D.

Results: NONE.

Measure standby current Icc.
- Allinputs = GND except RESET.
Set RESET to logic 0 for 10 msec.
- Set RESET to logic 1. Measure Icc current.

Measure operating current lcc.
- Set RESET to logic 0 for 10 msec. Set RESET to logic 1.
- Allinputs = Vcc except inputs DA, DB, DC, DD, and CLOCK.
- CLOCK input is 5 MHz.
- Inputs DA, DB, DC, and DD (pin number 63,76,59, and
57) are toggled at 2.5 MHz on the falling edge of 5 MHz
clock. N
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TRW SUMMARY REPORT

PRODUCT: ACTEL CMOS FPGA

MANUFACTURING BY: MATSUSHITA ELECTRONICS CORP.
DEVICE: A1020A 1.2 micron 2000 gates

EVALUATED BY: TRW Electronics System Group

Ref.TRW H936.12.TCL

RADIATION TOTAL DOSE

3 units were evaluated at 30, 50, 100, and 200 krads(Si) total dose at a dose rate of

79 rads(Si)/sec per Mil-Std-883 method 1019.The devices were irradiated in a single exposure
sequence. Two units were used as control. Bias on pins during exposure were selectively set to
high, low, or open. All units were 84 pin, J lead, plastic package, commercial grade supplied
by Actel.

PARAMETRIC AND FUNCTIONAL RESULTS

Conditions: There was no delay between radiation and test, nor was there
bias maintained between radiation and test.

Unit # 12 OK(Pre) 30K 50K 100K 200K Anneal
{24hrs)
VIH Pass Pass Pass Pass Pass
VIL Pass Pass Pass Pass Pass
IIH Pass Pass Pass Pass Pass
"L Pass Pass Pass Pass Pass
10H Pass Pass Pass Pass Pass
IoOL Pass Pass Pass Pass Pass
tPHL Pass Pass Pass Pass Pass
tPLH Pass Pass Pass Pass Pass
VOH Pass Pass Pass Pass Pass
VOL Pass Pass Pass Pass Pass
iCClac) 150.6 211.3 199.4 222.6 242.9 190
ICCldc) 3.5 63.7 52.4 72.6 86.3
FUNC Pass Pass Pass Pass Pass
Unit #13 OK(Pre) 30K 50K 100K 200K Anneal
(24hrs)
VIH Pass Pass Pass Pass
VIL Pass Pass Pass Pass
1IH Pass Pass Pass Pass
1L Pass Pass Pass Pass
iIOH Pass Pass Pass Pass
1oL Pass Pass Pass Pass Fail
tPHL Pass Pass Pass Pass
tPLH Pass Pass Pass Pass
VOH Pass Pass Pass Pass
vOL Pass Pass Pass Pass
1ICClac) 151.2 219.7 204.8 225.6 245 206
ICCldc) 3.5 70.2 55.9 75.0
FUNC Pass Pass Pass Pass Fail

O 261 3, (%]
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Unit #15

VIH
ViL
HH
HL
IOH
10L
tPHL
tPLH
VOH
VoL
ICC(ac)
ICC(dc)
FUNC

OK(Pre)

Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
152.4
3.5
Pass

30K

Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass

217.3

66.7
Pass

50K

Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass

55.4
Pass

204.8

262

100K

Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass

225.6

73.8
Pass

200K Anneal
(24hrs)

Pass

Pass

Pass

Pass

Pass

Pass

Pass

Pass

Pass

Pass

248.8 210

95.8
Pass



CURRENT (ICC4) Ma

230
220
210
200
190
180
170
160
150

140

TOTAL DOSE OF A1020A
ACTEL FPGA (1.2 MICRON, MEC DIE)

e
SIN7
RADIATION DATA FILE / ——
S/N 7 & 8 (RAD1) WITH DELAY BEFORE /TEST S/N 8
S/N 9 & 10 (RAD2) NO DELAY BETWEEN. e
EXPOSURE & TEST // S/N 9
S/N 10
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TRW SUMMARY REPORT

PRODUCT: ACTEL CMOS FPGA

MANUFACTURING BY: MATSUSHITA ELECTRONICS CORP.
DEVICE: A1020A 1.2 micron 2000 gates

EVALUATED BY: TRW Electronics System Group

Ref. TRW R212.4-027/92 and R212.4-028/92

EVALUATIONS:
METAL STEP COVERAGE

Metal step coverage for contact and via is less than 30% per MIL-STD-883 Method 2018.
Method of analysis SEM and metallographic sectioning. Worst case side of via or
contact was used for measurement.

METAL CURRENT DENSITY

5 2
Current density was calculated at less than 2.0 x 10 A/cm allowed by MIL-M-38510
(This assumes 1ma per contact worst case as dictated by ACTEL design rule)

2 5 2
Specific current density calculated is 1.1 ma/um or 1.1 x 10 A/cm at contacts.

No cracks or opens in metal were seen at contacts.

LIFE TEST RESULTS

44 Units completed 2000 hours of accelerated life test with no functional failures. Test
conditions were Vsig =5.5Vpp, Vcc = 5.75V, and f = 1 MHZ(Vsig).

All units exhibited an IOL drift ( measure is in ma) of between 12% and 18%. This occurred
on the majority of units and device pins tested for IOL. Good pins on the same device
showed less than 3% drift. This parametric change may be caused by problems

associated with the CMOS N-ch transistors and should be further investigatied.

The maximum change occured after 2000 hours of life test with the greatest

increase occuring in the first 500 hours. VOL also showed a similiar drift which tracked the
IOL drift. All other parameters demonstrated less than 5% change throughout the life test.

ACCELERATION FACTOR AND LIFE PREDICTION
Acceleration factors were calculated using a junction temperature of 187°C and an

estimated activation energy of 0.6ev. The field application temperature ranged from 30°C
to 130°C. The acceleration factors ranged from 2562E +03 to 8.48E + 00. Life predictions

for this range and the above junction temperature were calculated at 575 years to 1.90 years.
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HI-REL
LABORATORIES

911 SOUTH MOUNTAIN AVE. . MONROVIA . CALIFORNIA 91016 . {(818) 357-6083 . FAX {818) 357-6913

TRW Systems Report Number MR-101033
One Space Park Report Date: October 18, 1991
Redondo Beach, Ca. 90278 P.O. Number: SR437026

Date Received: October 4, 1991

REPORT OF LABORATORY ANALYSIS

DESCRIPTION OF SAMPLES: One (1) A1020A, ACTEL FPGA, S/N 11

METHOD OF ANALYSIS: Depot, SEM, Metallographic Sectioning, and SEM.

FINDINGS: One (1) A1020A, Actel FPGA, serial number 11, was submitted for evaluation of the
metallization step coverage by means of metallographic sectioning. The device was chemically
decapsulated to expose the die surface so that metallization stripe width measurements could be
obtained. The device was then encapsulated in epoxy and prepared using precision metallographic

techniques. The following results were obtained:

.Location * Minimum Metal *% Original Metal
Thickness Remaining
Via l 0.18 Microns 19%
Via 2 0.19 Microns 20%
Contact 1 0.09 Microns 11%
Contact 2 0.10 Microns 13%
Contact 3 0.04 Microns 4.5%

* Worst case side of via or contact used for measurement.

Silicon nodules were noted in the metallization but were not taken into consideration in any

measurements.

I certify that this report truly Reviewed and Approved By:
represents the findings of work

performed by me or under my supervision.

T nes 2k, MW%,

Trevor A. Dévaney John R. Devaney
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Report Number MR-101033
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Figure 1: General SEM view of typical
metallization with the glassivation on. Mag.
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Figure 2: Detailed view of typical metal
stripes. Width is ~ 4.5 Microns. Mag.
(2.79Kx)
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Report Number MR-101033

Figure 3: Detailed cross-sectional view of via 20,3KX  18KU HD:6MM S:pREAD P:0GAGY
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Figure 4: Detailed cross-sectional view of via ' |
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Figure 5: Detailed cross-sectional view of
contact 1. mag. (29.4Kx)
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Figure 6: Detailed cross-sectional view of
contact 2. Note large silicon nodule at step.
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Figure 7: Detailed cross-sectional view of
contact 3. Note severe thinning at step.
Mag. (26.2Kx)
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S. Chiang and W.V.D. Abeelen
Actel Corp.

Electromigration Summary of Actel 1020A
1.2um process from MEC Foundry

lifeti i
Lifetime of vias and contacts of Actel's 1.2um 1020A product is simulated to be greater than 100 years at
100C junction temperature. As actually performed by Electromigration Burn-in test of the product, the
lifetime exceeds more than 20 years, with no EM related failures found thus far.

We expect longer lifetimes for the vias and contacts of the 2.0 um 1020 product. Via and contact size on
silicon is 2.0 um for the 2.0 um process, while it is 1.5 um for the 1.2 um process.

Metal 1 and Metal 2 lines exceed over 40 years at 100C as performed by EM burn-in test.

Icurren h single con nd vi
Based on simulations of a 33 MHz clock frequency design, we found that single contacts/vias passed no
more than 100uA in DC current. This is significantly lower than the current allowed to pass through a
contact or via. All the single contacts singled out in the JPL report(Ref. 1) passed no more than 65uA at
33MHz and 100C junction temperature.

Another issuc mentioned in the above memo suggested that 4mA output buffer current went through
either single or multiple contacts. The 4mA was distributed over 36 contacts(equal to 110uA per contact).
The worst casc single contact in the output buffer was a gate-poly contact, carrying 170 uA of AC
current.

Effect of poor step coverage on the electromigration calculations,

The maximum current density allowed in Actel's electromigration rules, has already taken into
consideration that mctal lines over topographic structures will reduce its EM capability. The rules also
reflect the fact that it is applicablc over the whole process spectrum. In addition, runs to be selected for
space application have better than average step coverage and line width reduction, based on metal
rcsistance evaluation from the process monitor test chip.

servation of nodules inside the con via or metal lin
The metal system has 1% silicon, 0.5% copper in aluminum. Nodules are expected to occur. The
electromigration rule has taken into consideration the fact that there will be nodules and that they will
reduce the step coverage. The nodule size is small and it docs not break the interconnect.

Future improvemen
In the new 1.0 um process, barricr metals are used for both Metal 1 and Metal 2. The cxpected EM
lifetime for the 1.0 um products arc hereby greatly improved.

Refercnces

[1] Mike Sander, "Calculation of current density for Actel 2.0um Technology" , Jet Propulsion
Laboratory, Fcb. 14 1992

EM1020A5.DOC
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TRW SUMMARY REPORT

PRODUCT: ACTEL CMOS FPGA

MANUFACTURING BY: MATSUSHITA ELECTRONICS CORP.
DEVICE: A1020A 1.2 micron 2000 gates

EVALUATED BY: TRW Electronics System Group

Ref. TRW R212.4-027/92 and R212.4-028/92

EVALUATIONS:
METAL STEP COVERAGE

Metal step coverage for contact and via is less than 30% per MIL-STD-883 Method 2018.
Method of analysis SEM and metallographic sectioning. Worst case side of via or
contact was used for measurement.

METAL CURRENT DENSITY
5 2

Current density was calculated at less than 2.0 x 10 A/cm allowed by MIL-M-38510
(This assumes 1ma per contact worst case as dictated by ACTEL design rule)

2 5 2
Specific current density calculated is 1.1 ma/um or 1.1 x 10 A/cm at contacts.

No cracks or opens in metal were seen at contacts.
LIFE TEST RESULTS

44 Units completed 2000 hours of accelerated life test with no functional failures. Test
conditions were Vsig =5.5Vpp, Vcc = 5.75V, and f = 1 MHZ{Vsig).

All units exhibited an IOL drift { measure is in ma) of between 12% and 18%. This occurred
on the majority of units and device pins tested for IOL. Good pins on the same device
showed less than 3% drift. This parametric change may be caused by problems

associated with the CMOS N-ch transistors and should be further investigatied.

The maximum change occured after 2000 hours of life test with the greatest

increase occuring in the first 500 hours. VOL also showed a similiar drift which tracked the
IOL drift. All other parameters demonstrated less than 5% change throughout the life test.

ACCELERATION FACTOR AND LIFE PREDICTION

Acceleration factors were calculated using a junction temperature of 187°C and an

estimated activation energy of 0.6ev. The field application temperature ranged from 30°C

to 130°C. The acceleration factors ranged from 252€ + 03 to 8.48E + 00. Life predictions

for this range and the above junction temperature were calculated at 575 years to 1.90 years.
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Acceleration Factor Calculations

Acceleration Factor (A.F.) = exp((activation energy/K)(1/Tdesign - 1/T test)
K = Boltzman's constant = 8.63E-5 eV/degree kelvin(K)
Activation Energy = 0.6eV (estimated)

Ttest = oven temp + theta ja for ceramic quad flatpack
in still air, [(40 C/W) * (1 * V)] + 273 (for Kelvin conversion)

Mission
Tdesign Ttest AF. Life (yrs)
45 187 8.53E+02 1948
50 187 6.08E+02 138.9
55 187 4.38E+02 50.0
60 187 3.19E+02 728
65 187 2.34E+02 534
70 187 1.73E+02 39.6
75 187 1.30E+02 29.6
130 187 8.48E+00 1.9
120 187 1.32E+01 3.0
110 187 2.09E+01 48
100 187 3.40E+01 7.8
g0 187 5.68E+01 13.0
80 187 9.76E+01 223
70 187 1.73E+02 39.6
60 187 3.19e+02 72.8
50 187 6.08E+02 138.9
40 187 1.21E+03 276.2
30 187 2.52E+03 575.0
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YEARS OF USE
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